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P E E F A C E. 


iiiE ptogi'Bss of cistronomical discovery was never more rapid 
than during the last fifteen years. Within this period, the 
number of known members of the planetary system has been 
more than doubled. A planet of vast dimensions has been 
added to our system ; thirty-six new asteroids have been dis- 
covered; four new satellites have been detected; and a new 
ring has been added to Saturn. 

It is especially gratifying to note the progress which the 
last few years have witnessed in the United States, both in the 
facilities for observation, and in the mimher of active observers. 
It is but twenty-five years since the first telescope, exceeding 
those of a portable size, was imported into the United States ; 
and the introduction of meridional instruments of the larger 
class is of still more recent date. hTow we have one telescope 
which acknowledges no superior ; and we have several which 
would be esteemed worthy of a place in the finest observatories 
of Europe. We have also numerous meridional instruments, of 
dimensions adequate to be employed in original research. Our 
own artists have entered successfully upon the manufacture of 
refracting telescopes of the largest size, and have received the 
highest commendation from some of the best judges in Europe. 
These instruments have not remained wholly unemployed. At 
the observatories of Washington and Cambridge, extensive cata- 
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logues of stars are now in progress ; wMle nearly every known 
member of our solar system has been repeatedly and carefully 
observed. These observations are all permanently recorded by 
a simple touch of the finger upon a key which closes an 
electric circuit — a method recently introduced at Greenwich 
observatory, and known everywhere throughout Europe by the 
distinctive name of the American method. 

Numerous discoveries have been the result of this astronomical 
activity. A large number of comets have been independently 
discovered on this side of the Atlantic ; and among these, three 
at least were observed here before they were seen in Europe. 
The two nebulae which have been longest and best known, were 
never adequately figured until they were observed by the Messrs. 
Bond ; and the planet Saturn, which for many years was made 
the subject of special study by 'the elder Herschel, with his 
wonderful means of observation, first revealed to the Messrs. 
Bond a new ring and an eighth satellite. The novel spectacle 
of a comet divided into two nearly equal portions, was first 
witnessed in America ; and an American observer has added 
one to the long list of planetary discoveries. 

Let us indulge the hope that the future progress of as- 
tronomy is to be no^ less brilliant than the past; and that 
henceforth America may be even more distinguished for her 
contributions to science, than for her progress in material 
power and wealth. 
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CHAPTEE I. 

RECENT ADDITIONS TO OUR KNOWLEDGE OE THE 
PLANETART SYSTEM. 


SECTION I. 

the mscovbky oe the x>lanet neptotte. 

The discovery of the planet Neptune took place un- 
der circumstances most extraordinary. The existence 
of the planet jras predicted, its path in the heavens was 
assigned, its mass was calculated, from considerations 
purely theoretical. The astronomer was told where to 
direct his telescope, and he would see a planet hitherto 
unobserved. The telescope was pointed, and there the 
planet was found. In the whole history of astronomy 
we can find few things equally wonderful. This dis- 
covery resulted from the study of the motions of the 
planet Uranus. 

Uranus was first discovered to be a planet in 1781, 
but It had been repeatedly observed before by different 
astronomers, and mistaken for a fixed star. Nineteen 
observations of this description are on record, one of 
them dating as far back as 1690. In 1821, M. Bouvard, 
>f Paris, published a set of tables % computing the 
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place of this planet. The materials for the construction 
of these tables consisted of forty years’ regular obser- 
vations at Greenwich and Paris since 1781, and the 
nineteen accidental observations, reaching back almost 
a century farther. Upon comparing these observations, 
Bouvard found unexpected difficulties. He was unable 
to find any elhptic orbit, which, combined with the 
perturbations by Jupiter and Saturn, would represent 
both the ancient and the modem observations. "When 
he attempted to unite the ancient with the modern 
observations, thgs former might be tolerably well re- 
presented, but the latter exhibited discordances too great 
to be ascribed to errors of observation. Hot being 
able tQ explain this discrepancy in any satisfactory man- 
ner, he rejected the ancient observations, and founded 
his tables upon the observations since 1781. “ It being 
necessary,” says he, “to decide between the ancient and 
the modem observations, I have held to the modern 
ones as being the most likely to be accurate, and I leave 
it to time to show whether the difficulty of reconciling 
the two sets of observations depends upon the inac- 
curacy of the ancient ones, or on some foreign and un~ 
hrwwn influence to which the fllo.net is subjected” 

These tables represent very well the observations of 
the forty years from which they were derived; but 
soon after 1821, new discrepancies began to appear, 
which have lately increased with great rapidity. In 
1832, the discordance between the observed and com- 
puted place of the planet, amounted to nearly half a 
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minute of space, and now the error exceeds two min- 
utes. In order to exhibit more palpably the nature 
of these discrepancies, I have represented them upon 
the figure on the next page. If the straight line, 
A B, be taken to represent the path of Uranus, as 
computed from the elements of Bouvard, the broken 
line will represent the observed orbit. The deviation 
of these two lines indicates the discrepancy between 
theory and observation for the dates at the top of the 
page, the amount of the discrepancy being given on the 
left margin. If it was doubtful whether this difference 
in the case of the ancient observations was not due to 
the carelessness of the observers, no such supposition 
is admissible in the case of the observations since 
1821. The discrepancy between Bouvard’s orbit and 
the observations is now enormous, and is increasing 
with alarming rapidity. 

What can be the cause of these discrepancies? Bo 
they indicate errors in the computations of M. Bouvard? 
In order to decide this question, the illustrious Bessel, 
about the year 1840, subjected all the observations to 
a new calculation ; and although he detected one or 
two errors of Bouvard, they did not materially influ- 
ence the results. He satisfied himself that the ancient 
and modern observations could not be reconcilefl by 
any modification of the elements, and that the differ- 
ences could not be attributed to inaccuracy of instru- 
ments, or to methods of observation. Are these anom- 
alies due to the attraction of some unknown disturb* 
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mg body ? This idea vas seriously entertamed more 
than twelve years ago by Bouvard, Hansen, Hussey, 
Bessel, and some others. In a public lecture delivered 
in the year 1840, Bessel stated, “I have arrived at the 
full conviction that we have in Uranus a case to which 
Laplace s assertion, that the law of gravitation entirely 
explains all the motions observed in our solar system, is 
inapplicable. We have here to do with discordances 
whose explanation can only be found in a new physical 
discovery. Further attempts to explain them must be 
based upon the endeavor to discover an orbit and a 
mass for some nnhnown planet, of such a nature, that 
the resulting perturbations of Uranus may reconcile the 
present want of h.ainioD.y in. tlic observations.’* 

Dr. r. J. Ilussej, in 18S4:, proposed to compute an 
place of tlie supposed disturbing body, and 
then commence searching for it with his large reflector. 
Mr. Airy, now Astronomer Eoyal of Great Britain, at 
that time professor in Cambridge, pronounced the prob- 
lem hopeless. His words were : ^^If it were certain that 
there was any extraneous action upon Uranus, I doubt 
much the possibility of determining the place of the 
planet which produced it. I am sure it could not be done 
till the nature of the irregularity was well determined from 
several successive revolutions f that is, till after the lapse 
of several centuries. 

• This deliberate opinion from one who, by common 
consent, stood at the head of British mathematicians and 
astronomers, would have deterred any but the most 
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daring matliematioian from attacking the problem. 
Again, in 1837, Mr. Airy repeats the same idea: 
these errors are the effect of any nnseen body, it will 
he nearly impossihle ever to find out its ;placer 

In the year 1842, the Eoyal Society of Sciences of 
Gottingen, proposed, as a prize question, the full discus- 
sion of the theory of the motions of Uranus, mth 
special reference to the cause of the large and increas- 
ing error of Bouvard’s tables. During the same year, 
1842, Bessel was engaged in researches relative to this 
problem ; but his labors were soon interrupted by sick- 
ness and subsequent death ; and from this time we find 
but two mathematicians, Mr. Adams, of Cambridge 
University, in England, and M. Le Yerrier, of Paris, who 
busied themselves with the problem. 

It should be remembered, that in accordance with the 
Newtonian law of gravitation, every body in the solar 
system attracts every other ; that the attraction of each 
body is proportioned to its quantity of matter ; and that 
in the same body the power of attraction varies in- 
versely as the square of the distance. In order, there- 
fore, to compute the exact place of a planet in its orbit 
about the sun, it is necessary not merely to regard the 
attraction of the central body, but also to allow for the 
influence of all the other bodies of the 
f \ solar system. Eor instance, if th^ sun 
I I alone had acted, Jupiter would revolve 

I 1 1 around the central luminary in a perfect 

\ / ellipse, which we may represent by the 

annexed black curve ; but the real orbit 
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Titrates around ttis curve as in the dotted line, a curve 
which is not reproduced at every revolution, but will 
pass through an indefinite number of variations. To 
compute the exact orbit which a planet will describe, 
subject to the attractions of all the members of the solar 
system, is one of the grandest problems in astronomy. 

Hitherto mathematicians had only aspired to compute 
the disturbing influence of one body upon another, when 
the magnitude and position of both bodies were known. 
But, in the case of Uranus, it was necessary to solve the 
inverse problem which Professor Airy had pronounced 
hopeless, viz., from the observed disturbances of one 
body, to compute the place of the disturbing body. 

After taking his degree of Bachelor of Arts in Jan- 
uary, 184:3, with the honor of Senior Wrangler, Mr. 
Adams ventured to attack this problem, and obtained 
an approximate solution by supposing the disturbing 
body to move in a circle at twice the distance of 
Uranus from the sun. His results were so far satis- 
factory, as to encourage him to attempt a mpre complete 
solution. Accordingly, in February, 1844, having ob- 
tained through Professor Airy a complete copy of the 
Greenwich observations of Uranus, from 1764 to 1830, 
he renewed his computations, which he continued dur- 
ing that and the subsequent years. In September, 1846, 
he had obtained the approximate orbit of the disturbing 
planet, which he showed to Professor Ohallis, the director 
of the observatory at Cambridge ; and near the close of 
the next month, he communicated his results to the 
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Astronomer Royal, together with, a comparison of his 
theory with the ohservations. The discrepancies were 
quite small, except for the single observation of 1690, 
which differed by 44"; this observation not having been 
used in the equations of condition. Professor Airy, 
in acknowledging the receipt of this letter, pronounced 
the results extremely satisfactory, and inquired of Mr. 
Adams whether his theory would explain the error of 
the tables in regard to the distance of Uranus from the 
sun, which error he had shown to be very great. To 
this inquiry Mr. Adams returned no answer for nearly 
ai year ; probably becau’se he was not able to answer the 
question entirely to his own satisfaction. 

Mean^yhile, this grand problem was undertaken by 
another mathematician who was entirely ignorant of the 
progress which Mr. Adams had made ; for none of his 
results had yet been published. In the summer of 1846, 
M. Arago, of Paris, requested M. Le Verrier, a young 
mathematician, who had already distinguished himself 
by his improved tables of Mercury, to attempt the solu- 
tion of this problem. This he accordingly did, and his 
success astonished all Europe. He commenced his in- 
vestigations- by inquiring whether the observations of 
Uranus could be reconciled with the supposition, that 
this body is subject to no other attraction than that of 
the sun and the known planets, acting according to the 
Newtonian law of gravitation. He carefully computed 
the effects due to the action of Jupiter and Saturn, 
neglecting no quantities until he had proved that their 



THE FLAHET HEFTIJNE, 


17 


influence was insensible. He thus discoYered some im- 
portant terms which had been neglected by Laplace. 
He then compared his theory with observation, and 
proved conclusively that the observations of XJranus 
could not be reconciled with the law of gravitation, 
except by admitting some extraneous action. These re- 
sults were communicated to the Academy of Sciences, 
Nov. 10, 1846 ; and such was the reputation secured 
by this and his preceding memoirs, that in January, 
1846, he was elected to fill the vacancy which had oc- 
curred in the Institute in the section of Astronomy, by 
the death of Cassini. This memoir was but preliminary 
to his grand investigation ; and it should be remarked, 
that Mr. Adams had already deposited with the Astron- 
omer Royal at G-reenwich, a paper containing the ele- 
ments of the supposed disturbing planet, and agreeing 
closely with the results which Le Verrier subsequently 
obtained. 

Le Verrier next proceeds to inquire after the cause 
of the discovered irregularities. Is it possible that at 
the immense distance of Uranus from the sun, the force 
of attraction does not vary inversely as the square of 
the distance? The law of gravitation is too firmly 
established to permit such a supposition, until eveiy 
other resource has failed. Are these irregularities due 
to the resistance of a rare ether diffused everywhere 
through space ? No other planet has afforded any in- 
dication of such a resistance. Can they be ascribed to 
a great satellite accompanying the planet ? Such a cause 
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would produce inequalities kaving a very short period, 
while the observed anomalies of Uranus are precisely 
the reverse. Moreover, it would he necessary to assign 
it such dimensions that it could not fail to have been 
visible in our telescopes. Has a comet impinged upon 
Uranus, and changed the form of its orbit? Such a 
cause might render it impossible to represent the en- 
tire series of observations by a single elliptic orbit; 
but the observations before the supposed collision, would 
all be consistent with each other, and the observations 
afisr colhsion would also be consistent with each other. 
Yet the observations of Uranus from 1781 to 1821, as 
may be seen from the diagram, page 12, accord neither 
with the earlier observations nor with the more recent 
ones. 

There seems to remain no other probable supposition 
tlinn that of an undiscovered planet. But if these disturb- 
ances are due to such a body, we can not suppose it 
situated within the orbit of Saturn. This would disturb 
the orbit of Saturn more than that of Uranus, while we 
know that its- influence on Saturn is inappreciable, for 
Saturn’s motion is well represented by the tables. Can 
this body be situated between Saturn stnd Uranus? We 
must then place it much nearer Uranus than Saturn, for 
the reason already assigned, in which case its mass must 
be supposed to be small, or it would produce too great 
an effect upon Uranus. Under these; circumstances, its 
action would only be appreciable when in the imme- 
diate neighborhood of Uranus, which supposition does 
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not accord well with the observations. The disturbing 
body must then be situated beyond Uranus, and at a 
considerable distance from it, for reasons already given, 
Wow the distance of each of the more remote planets 
from the sun, is about double that of the preceding one. 
It is natural, then, to conjecture that the disturbing 
planet may be at a distance from the sun double that 
of Uranus, and it must move nearly in the ecliptic, be- 
cause the observed inequalities of Uranus are chiefly in 
the direction of the ecliptic. Le Yerrier then propounds 
the following specific problem : 

Are the irTegularities in the motion of Uranus due to 
ike action of a planet situated in the ecliptic^ at a distance 
from the sun double that of Uranus f Jf 50 , whab is its 
present place^ its mass^ and the elements of its orhit This 
problem he proceeds to resolve. 

If we could determine for each day the precise effect 
produced by the unknown body, we could deduce from 
it the direction in which Uramis is drawn ; that is; we 
should know the direction .of the disturbing body. But 
the problem is far from being thus simple. The amount 
of the disturbance can not be deduced directly from the 
observations, unless we know the exact orbit which 
Uranus would describe, provided it were fm from this 
disturbing action; and this orbit in turn can not be 
cornputed unless we know the amount of the disturb- 
ance. Le Yerrier therefore computes for every nine 
degrees of the entire circumference, the effect which 
would be produced by supposing a planet situated in 
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difierent parts of the ecliptic. He finds that "when he 
locates the supposed disturbing planet in one part of the 
ecliptic, the discrepancies between the observed and 
computed effects are enormous. By varying the place 
of the planet, the discrepancies become smaller, until at 
a certain point they nearly disappear. Hence he con- 
clude^ that there is but one point of the ecliptic where 
the planet can be placed, so as to satisfy the observations 
of Uranus. Having thus determined its approximate 
place, he proceeds to compute more rigorously its effects; 
and on the first of June, 1846, he announces as the 
result of his investigations, that the longitude of the 
disturbing planet for the beginning of 1847 , must be 
about 825°. 

The result thus obtained by Le Terrier, differed but 
one degree from that communicated by Mr. Adams 
to Professor Airy, more than seven months previous. 
Upon receiving this intelligence. Professor Airy ex- 
pressed himself satisfied with regard to the general ac- 
curacy of both computations, and immediately wrote to 
Le Terrier, inq^uiring, as he had done before of Mr. 
Adams, whether his theory explained the error of the 
tables in respect to the distance Of Uranus from the sun. 
Le Terrier answered that the errors of radius-vector must 
be accounted for, inasmuch as the equations of condition 
depended on observations at the quadratures as well as at 
the oppositions. Professor Airy was now so well con- 
vinced of the existence of a planet yet undiscovered, that 
he was anxious to have a systematic search for it forth- 
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witli Tindertaken. The observatory of Cambridge is 
provided with one of th^ finest telescopes of Europe, 
presented by the late Duke of Northumberland. Pro- 
fessor Airy urged upon the . director, Professor Ohallis, 
to undertake the desired search; and recompaended the 
examination of a belt of the heavens ten degrees in 
breadth, and extending thirty degrees in the direction of 
the ecliptic. This belt was to be swept over at least 
three times. If any star in the second sweep had a dif- 
ferent position from that observed in the first, it might 
be presumed that it was the planet. If two sweeps 
failed of detecting the planet, it might be caught in the 
third. 

Professor Challis commenced his search July 29th, and 
continued it each favorable evening, recording the exact 
position of every star down to the eleventh ihagnitude. 
Meanwhile Le Verrier was proceeding with his computa- 
tions, and on the 31st of August he announced to the 
Academy the elements he had obtained for the sup- 
posed planet. He assigned its exact place in the heav- 
ens, and estimated that it should appear as a star of 
the eighth magnitude, with an apparent diameter of 
about three seconds ; ‘and, consequently, that the planet 
ought to be visible in good telescopes, and with a per- 
ceptible disc. The fixed stars are situated at such im- 
mense distances from us, that to the most powerful 
telescopes they appear only as points j although with a 
brilliancy augmented in proportion to the size of the tel- 
escope; while all the planets exhibit a measurable disc. 
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Le Verrier was of opinion that the new planet might he 
found by its possession of a visible disc, and therefore 
without any very great labor. 

Soon after- this communication was made to the 
Academy, Le Verrier, in acknowledging the receipt of 
a memoir, made use of the opportunity thus afforded to 
request Dr. Galle, of the Berlin observatory (where is 
found one of the largest telescopes of Europe), to under- 
take a search for his computed planet, and he assigned its 
supposed place in the heavens. The Berlin Academy 
had just published a chart of this part of the heavens, 
indicating the exact place of every star down to the 
tenth magnitude. On the evening of the very day upon 
which this letter was received (September 23), Galle 
found near the place computed by Le V errier, a star of 
the eighth magnitude, not contained on the Berlin chart. 
Its place was carefully measured ; and the observations 
being repeated on the succeeding evening, showed a 
motion of more than a minute of space. The new star 
was found in longitude 825° 62' ; the place of the planet 
computed by Le Verrier was 324° 68' ; so that this body 
was within one degree of the computed point Its 
diameter meastmed nearly three seconds. A coincidence 
so exact, left no doubt that this was really the body 
whose effects had been detected in the motions of 
Uranus. Mr. Galle accordingly write's to Le Verrier, 
“ the planet whose position you marked out actually exists." 
The news of the discovery spread rapidly over Europe. 
The planet was observed at Gottingen on the 27th of 
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September, at Altoaa and Hamburg on tbe 28tb, and 
at London on tbe 30th. 

We must now return to Professor Challis, whom we 
left exploring a large zone of the heavens, and re- 
cording the exact position of every star down to the 
eleventh magnitude. These observations were continued 
from the 29th of July to the 29th of September^ during 
which time he had made more than three thousand 
observations of stars. On the 29th of September, Pro- 
fessor Challis saw for the first time Le Yerrier’s memoir 
communicated to the Academy August 31st. Struck 
with the confidence which Le Verrier manifested in his 
own conclusions. Professor Challis immediately changed 
his mode of observation, and endeavored to distinguish 
the planet from the fixed stars by means of its disc. On 
the same evening, he swept over the zone marked out 
by Le Yerrier, paying particular attention to the phys- 
ical appearance of the brighter stars. Out of three hun- 
dred stars, whose positions were recorded that night, he 
selected one which appeared to have a disc, and which 
proved to be the planet. On the first of October he 
heard of the discovery at Berlin ; and now, on comparing 
his numerous observations, he finds that he had twice 
observed the planet before, viz., on August 4th. and 
12th ; but he lost the opportunity of being first to an- 
nounce the discovery, by deferring too long the discus- 
sion of his observations. * 

The news of this capital discovery was brought to this 
country by the steamer of October 4th, and every tde- 



24: 


HISTOEY OF ASTEONOMY. 


scope was immediately turned upon the planet. It was 
observed at Cambridge by Mr. Bond, October 21st; it 
was seen at Washington October 23d, and was regularly 
observed there till January 27th, when it approached 
too near the sun to be longer followed. 

Le Verrier, although quite a young man, thus estab- 
lished at once an enviable reputation. He was literally 
overwhelmed with honors received from the sovereigns 
and academies of Europe. He was created an officer of 
the Legion of Honor by the King of France, and a 
special chair of Celestial Mechanics was established for 
him at the Faculty of Sciences. JProm the King of Den- 
mark he received the title of Commander of the Eoyal 
Order of Dannebroga ; and the Eoyal Society of London 
conferred on him the Copley medal. The Academy of 
St. Petersburg resolved to offer him the first vacancy 
in their body ; and the Eoyal Society of Gottingen 
elected him to the rank of Foreign Associate. 

Thus were the predictions of Adams and Le Verrier, 
with regard to the direction of tie planet, at the present 
time, wonderfully fulfilled ; but the observations of a few 
weeks sufficed to show 'that this body was not pursuing 
the orbit which these mathematicians had prescribed for 
it. Elements founded upon the hypothesis of a circular 
orbit were computed within the first month by Adams, 
Galle, and Binet. These agreed very nearly with one 
another, and coincided especially in showing the distance 
•from the sun to be about 30. M. Talz, of the Mar- 
seilles observatory, endeavored, early in the year 1847, 
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to deduce the form of the orbit from the small arc 
escribed bj the planet since its discovery, but he found 
himself unable to obtain a reliable value for the eccen- 
tricity. It became now a q_ueatioa of the greatest in- 
terest to determine with precision the elliptic elements 
o t e planet. This, however, was an object of unusual 
difficulty, on account of the slow motion of the planet, 
ite heliocentric motion amounting to only about two 
e^ees in a year. The result derived from observations 
embraced within a short interval of time must therefore 
e received with great distrust,, since a slight error in 
le measurement of a minute portion of the orbit leads 
to a much larger error in the computed length of the 
remainder of the path. To furnish the orbit with much 
precision, we must have observations extending over a 
long series of years. Under these circumstances, it be- 
came a question of the highest interest, whether this 
body may not have been observed by astronomers of 
lormer years, and mistaken for a fixed star. If we could 
obtain one good observation, made some time in the 
last ^century, it would enable us at once to determine the 
or 1 with nearly the same precision as that of Jupiter 
Itself. It will then bo presumed that astronomers have 
not neglected to explore the records of the past, to dis- 
cover if possible some chance observation of the new 
planet 

Mr. Hind, of London, adopting the predicted elements 
of Le Verrier, examined Lalande’s and other observations 
for this purpose, and satisfied^himself that the new planet 
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was not there to he found. An American astronomer^ 
Mr, Sears C. Walker, was more fortunate. Mr. "Walker 
proceeded in the following manner. He first computed 
the orbit which best represented all the obserTUtions 
which had been made at the Washington observatory, 
as well as those which had been received from Europe, 
He then computed the planet’s probable place for a long 
series of preceding years, and sought among the records 
of astronomers for observations of stars in the neighbor- 
hood of the computed path. Bradley, Mayer, and La- 
caille have left us an immense collection of observations, 
yet they seldom recorded stars so small as the body in 
question. Among the observations of Piazzi, no one 
was found which could be identified with the planet. 
The, Madras observations were generally confined to the 
stars of Piazzi’s catalogue. The Paramatta catalogue 
seldom extends north of the thirty-third parallel of south 
declination ; and Bessel, in preparing his zones of 
75,000 stars, did not sweep far enough south to com- 
prehend the planet. The only remaining chance of 
finding an observation of the planet was among the 
observations of Lalande. The Histoire Celeste Prangaise 
embraces 60,000 stars, and Mr. Walker soon found that 
Lalande had swept over the supposed path of the planet 
on the 8th and 10th of May, 1796. He accordingly 
computed more carefully the place of the planet for this 
period, making small variations in the elements of the 
orbit, so as to include the entire region within which the 
planet could possibly have been comprised. He then 
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i" t rr r‘; ™ ”” 

q'‘'''alv oT^’ -wliich SIX had, however, been subse- 

™ *» 

n,mi,,.,r “ff''”**”' remained which 

™in to -as too 

tbuufibt ® pl^et, and a second was 

n-niaiiiii computed place. The 

■«' "IS star was distant only two minutes from the 

<'.™.,.ut„cl place of fte plane,; i.w«, of the same mlg! 
mtuclo, uxxa was not to be found in Bessel’s observations, 
1011^1 heavens must have been in- 

cluded trx -tie field of his telescope. This discovery was 
»«lo ou tlae 2d of February, 1847; and on the first 
<;iem Bubsequent evening, February 4tb, the great equa- 
torial of tlie Washington observatory was pointed to the 
bcaw.UH, and this star was missing. Where Lalande, in 
Haw a star of the ninth magnitude, there remained 
mh/ a hlctnh. The conclusion seemed almost certain, 
that Mr. Walker had here obtained the object of his 
Hcun-h. aaie accordingly computed the path upon this 
HUj.iwwition, and found that a single elliptic orbit would 


rcprcHcnt., -with almost mathematical precision, the ob- 
Hcrviitiuii of 1796, and all the observations of 1846. 

The ciiHo seemed completely made out.- But there- was 
((. nwk puiont in the argument. lalande had marked his 
oli.M.rrv«liiin of the altitude of this star as douUJul. Could 
wc ritHt 1,1 lo decision of a (juestion so important upon a bad 
observation ? How unfortunate, that among the 50,000 
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stars contained in tMs precious collection, there was 
only one which could be presumed to haye been the 
planet, and this observation the author had marked as 
doubtful! Thus the question stood — astronomers were 
afraid to admit, and still could not reject the conclusions 
of Mr. "Walker. The steamer which left Boston on the 
1st of March, carried a copy of the Boston Courier, con- 
taining the account of Mr. Walker’s researches. This 
paper was destined for M. Le Verrier; and, on the very 
day of its arrival, he also received a letter from Altona, 
dated March 21st, announcing that M. Petersen had dis- 
covered that this very star, observed by Lalande in 
1795, was now missing from the heavens. M. Petersen’s 
discovery was made on the 17th of March. Mr. Walker 
made the same discovery, theoretically, February 2d; 
and it was confirmed by an actual inspection of the 
heavens, February 4th. Mr. Walker, then, has the pri- 
ority of six weeJcs in the discovery. Fortunately, the 
original manuscripts of Lalande had been preserved, and 
were deposited in the observatory of Paris. On con- 
sulting them it was found that the doubtful mark ap- 
pended to the published observations, did not ezist in 
the manuscript. Moreover, the star had been twice ob- 
served, viz., on the 8th and 10th of May, 1795 ; but as 
the two observations did not agree, . Lalande suppressed 
the former, and in his printed book marked the latter 
dbult/ul The discrepancy between the two observa- 
tions is almost exactly that which is due to two days’ 
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motion of the planet, according to tlie orbit ' of Mr. 
"Walker. 

Thus, then, we have most unexpectedly secured two 
good olservatiom in place of one doubtful one. We can no 
longer withhold our full belief. A single elliptic orbit 
represents with great precision the two observations 

of Lalande, and all the observations subsequentiv 
made. . 

More recently it has been announced that Dr. Lament, 
of Munich, had twice observed the planet Meptune as 
a fixed star in his zones ; the first time October 25th, 
1845, when he estimated it as of the ninth magnitude ■ 
the second time was September 7th, 1846, when it was 
entered as of the eighth magnitude. The following, then, 
are the dates of the seven earliest observations of this 
planet, so far as at present known : 


1795, 

May 8th, 

by Lalande. 

1795, 

“ 10th, 

by Lalande. 

1845, 

Oct. 26th, 

by Lament. 

1846, 

Aug. 4th, 

by Ohallis. 

1846, 

“ 12th, 

by ChaUis. 

1846, 

Sept. 7th, 

by Lament. 

1846, 

“ 23d, 

by Q-alle. 


Let us now compare the predicted orbits of 
and Le Verrier with the true orbit according to Mr. 
Walker, and the mass of the planet as deduced from 
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Lasseirs olDservations of tlae satellite. The comparison 
stands as follows : 



Adams. 

Lb Yerrier. 

Walker. 

Long, of the perihelion, 
Long, of ascending node, 
Inclination of the orbit, 
Mean long., Jan. 1, 184'7, 
True long., Jan. 1, 184=7, 
Eccentricitj, 

Mean distance from sun, 
Time of revolution in yrs., 
Mean daily motion, 

Mass, 

299^=^ 11' 
unltnoion. 
unhnown. 
323 24 

329 m 
0.120615 
31.25 
221.323 
15".609 

'gfV'6 

284® 45' 

156 0 
. 6 0 

318 41 

326 32 

0.10761 
. 86.154 
211.381 
16".318 

’ii’i'Trfr 

41® 14' 31" 
130 6 61 

1 46 69 
328 32 44 

321 33 41 
0.00811946 
30.03666 
164.6181 
21".66448 

TTtWn 


In order to render the comparison more striking, I 
have represented on the annexed figure the orbits of 
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Le Verrier and Walker. The orbits of Adams and Le 
Verrier are almost identical, but both differ materially 
from Mr. Walker; that is, we are compelled to admit 
that they differ considerably from the truth. They rep- 
resent remarkably well the direction in which the planet 
is now seen from the earth, tut they give its distance 
too great by three hundred millions of miles ; and in 1690, 
the planet Neptune was more than four thousand millions 
of miles distant from the place assigned by Le Verrier to 
hi^ planet, and differed nearly a quadrant from it in 
direction. This discrepancy is so great as to have given 
occasion for the remark, that the planet actually dis- 
covered is not the planet predicted hy Le Yorrier. What 
reason there may be for this remark I shall consider 
hereafter. 

Some difficulty at first occurred in deciding upon a 
name for the new planet. The Bureau des Longitudes 
of Paris were in favor of calling it Neptune, and this 
name was given out by Le Verrier in private letters 
to different astronomers in England and Germany. Sub- 
sequently, Le Verrier commissioned his friend Arago to 
give the planet a name ; and Arago declared he would 
never call it by any other name than Le Yerrier. When 
Sir William Herschel discovered a planet, he named it 
Georgium Sidus; and the name of “the Georgian” was 
retained until recently in the English Nautical 
But this name being offensive to the national pride of the 
French, they at first called the planet Herschel, and after- 
ward Uranus. The latter name has now come into exclu- 
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sive lise; but Arago, in order to secure an honor to Ms 
friend Le Verrier, proposed to restore the name Herschel, 
and also that each of the smaller planets should receive 
the name of its discoverer. 

The astronomers of Europe refused to concur in the 
decision of Arago. The5re are objections to this prin- 
ciple of nomenclature, some of which have considerable 
weight. The name of the discoverer of a planet may 
happen to^ be immoderately long, or ludicrously short, 
difficult to pronounce, or comically significant. Then, 
also, if the same astronomer should be fortunate enough 
to discover more than one planet, we should be obliged 
to repeat the surname with a prefix. Already we have 
two planets discovered by Olbers; two discovered by 
Hencke, ten by Hind, seven by Gasparis, five by Luther, 
four by Goldschmidt, and five by Ohacornac. 

Moreover, it often happens that several persons con- 
tribute an important part in the discovery of the same 
body. Thus the planet Ceres was first discovered by 
.Piazzi, in the course of a series of observations having 
a different object in view. After a few weeks, the planet 
became invisible from its proximity to the sun. As- 
tronomers computed the orbit from Piazzfs obseivations, 
and searched for it some months afterward, when it ought 
again to have come into view. But the planet could not 
be found. Ceres was entirely lost, and would not have 
been seen again, had not Gauss, by methods of his own 
invention, computed a much more accurate orbit, which 
disclosed the exact place of the fugitive, and enabled 
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De Zacli to find it immediately upon pointing lais tel- 
escope to the heavens. To Gauss, therefore, belongs 
the honor of being the second discovercT of Ceres; and 
the second discovery was far more glorious than the first. 

The discovery of the new planet has been justly 
characterized by Professor Airy as “ the effect of a move- 
ment of the age,^’^ The honor of the discovery is not to 
be exclusively engrossed by either Adams or Le Verrier. 
The labors of numerous astronomers had prepared the 
way, and contributed more or less directly to the dis- 
covery. An eminent critic has ridiculed this idea. But 
Mr. Adams himself informs us, that his attention was 
first directed, to the subject of the motions of Uranus, 
by reading Airy’s report on the recent progress of as- 
tronomy; and Le Yerrier states, that in the summer of 
1845, he suspended the researches on comets, upon 
which he was then employed, to devote his timo to 
Uranus, at the urgent solicitation of M, Arago, Omitting 
several who have indirectly contributed to this result, 
we find four whose names will ever be honorably asso- 
ciated with the discovery of the planet Neptune, viz., 
Adams, Challis, Le Verrier, and Galle. Adams first de- 
termined the approximate place of the new planet from 
the perturbations of Uranus. Professor Challis was the 
first to institute a systematic search for the planet| and 
had actually secured two observations of it before it was 
seen at Berlin. True, he did not at the time know that 
he had found the planet, for he had not interrogated his 
observations. But the prize was secured, and he would 

2 ^ 
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infallibly baye recognized it as soon as lie liad instituted 
a comparison of his obseryations. Being fully resolved to 
make sure of the diamond, he shoveled up with it a 
great mass of rubbish, and stored it all away to examine 
at his leisure. 

To Le Y errier belongs the credit of having been the 
first to publish to the world the process by which he 
arrived at the conclusion of the existence of a new 
planet ; and it is conceded that his researches were 
more complete and elaborate than those *of his rival; 
while to Galle belongs the undisputed honor of having 
been the first practically to recognize this body as a 
planet. 

To give to the new planet the name of Le Yerrier, 
would be indeed to confer honor where hpnor was due ; 
but it would be dishonor to others whose pretensions are 
but little inferior to his own. The astronomers of Eu- 
rope have preferred to take a name from .the divinities 
of the Eoman mythology, in conforipity with a well- 
established usage; and as the name of Neptune har- 
monizes with this system, and withal was first suggested 
by the Bureau des Longitudes, they decided to adhere 
to it. This was the unanimous voice of Europe, with 
the exception of France, and the astronomers of France 
have since a(3quiesced in this decision. 

The discovery of Neptune has given an unequivocal 
refutation to Bode’s law of the planetary distances. This 
famous law may be thus stated. If we set down the 
number 4 several times in a row, and to the second 4 



35 


THE PLANET NEPTUNE. 

add 8, to the third 4 add twice 3 or 6, to the next 4 add 
twice 6 or 12, and so on, as in the following table, the 
resulting numbers will represent nearly the relatiye 
chstanoes of the planets from the sun: 

4 4 4 4 4 4, eta 

3 6 12 24 48, etc. 

4 " T io 16 ^ ^ eta* 

If the distance of the earth from the sun be called 10, 
then 4 will represent the distance of Mercury; 7 

that of Yenus; and so of the rest. This law was never 
accurately verided in the case of any of the planets, and 
Neptune forms a decided exception to it. This fact is 
exhibited more clearly in the following table, which 
shows first the true relative distance of each of the 
planets; secondly, the distance according to Bode’s law, 
and thirdly, the error of this law : 



Triio 

distance. 

Bode’ 8 
law. 

lilrror. 


True 

distance. 

Bode’ 8 
law. 

Error. 

Mercury, 

B'BI 

4 

0-13 

Jupiter, 

62-03 

62 

0-03 

Venus, 


*7 

0-23 

Saturn, 

96-39 

100 

4-61 

Earth, 

10-00 

10 


Uranus, 

191-82 

196 

4-X8 

Mars, 

16-24 

16 

O'lB 

Neptune, 

300-36 

388 

8t-64 

40 Asteroids 

26-09 

28 

1 1-91 






It will be seen from this table, that although this law 
represents pretty well the distances of the nearer planets, 
the error is quite large for Saturn and Uranus ; and for 
Neptune the error is altogether overwhelming, amount- 
ing to more than eight hundred millions of miles, a quan- 
tity almost equal to the distance of Saturn from the sun. 
It is mere mockery to dignify such coincidences with 
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the name of a law, A law of nature is precise — ^it is 
capable of exact numerical application. Let, then, the 
preceding rule be called the law of Bode ; it is not a law 
of nature. 

It w^as at first the opinion of some observers, that 
bTeptune is surrounded by a ring like Saturn. Mr. Las- 
sell, of Liverpool, has an excellent bTewtonian reflector 
of twenty feet focal length, and two feet aperture, with 
which he has made numerous observations of the planet. 
On the 3d of October, 1846, he was struck with the 
shape of the planet, as being not that of a round ball ; 
and again, on the 10th of October, he received a distinct 
impression that the planet was surrounded by an ob- 
liquely situated ring. On the 10th of November, the 
planet appeared very much like Saturn, as seen with a 
small telescope, and low power, though much fainter. 
Several other persons also saw the supposed ring, and 
aU in the same direction. During the season of 1847, 
Mr. Lassell frequently saw the same appearance again, 
and found its angle of position to be 70 degrees S. W- 
He also satisfied himself that this appearance did not 
arise from any defect in his telescope. 

Professor Challis states that on the 12th of January, 
1847 , he received for the first time a distinct impression 
that the planet was surrounded by a ring. Two inde- 
pendent drawings, made by himself and his assistant, 
gave the annexed representation of its appear- 
ance. On the 14th, he saw the ring again, and 
was surprised that he had not noticed it in his 
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earlier observations. The ratio of the diameter of the 

ring to that of the planet, was about that of three 
to two. 

On the other hand, the great telescope at Cambridge, 
Mass., shows m ring. The following is the testimony 
of the director, Mr. W. 0. Bond. “ We are satisfied that 
there is not at present visible any ring surrounding 
Il'eptune within the reach of the Cambridge telescope"! 
Both my son George and myself have repeatedly had 
opportunities of examining the planet under high powers 
■with the full aperture of fifteen inches, and have seen 
only a round disc, while our micrometrical measures of 
his diameter agreed well together.” 

Mr. Lassell’s present opinion appears to be less in 
favor of a ring than formerly. Yet, on the 29th of 
Au^st, 1851, he recorded in his journal, “I received 
again an impression of a ring-like appendage, but it is 
piincipally on the south side, and is nearly at right angles 
to a parallel of declination.” Also on the 4th of Novem- 
ber, 1862, at Malta, in latitude 85° 53', under the most 
favorable atmospheric circumstances, he recorded in his 
journal, “ I receive a decided impression of ellipticity in 
the direction of the greatest elongation of the satellite. 
There is an impression of an extremely flattened ring in 
the direction of the transverse axis. I think I have 
never seen Neptune so well before.” It is understood 
that the astronomers at Pulkova have not yet succeeded 
in observing any appearance such as would lead to the 
suspicion of a ring. Under these circumstances, if we 
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do not entirely deny tlie possible existence of a ring, we 
must at least bold our minds in suspense, and wait 
patiently for further evidence. It is possible that this 
question may not be fully cleared up until some more 
powerful telescope is turned upon the planet, or it can 
be seen in a different part of its orbit. 

Neptune is attended by at least one satellite. Mr. Las- 
sell states that on the lOtb of October, 1846, be observed 
a faint star, distant from tbe planet about three diam- 
eters. On tbe lltb and 80tb of November, and also 
December 3d, be saw a small star having about tbe same 
appearance ; and be considered it probable that tbe star 
was a satelbte. On tbe 7tb of July, 1847, be again saw 
tbe supposed satellite, and on tbe following evening tbe 
planet and satellite had both changed their position with 
reference to tbe neighboring stars. On tbe 22d, 25 tb, 
and 26tb of tbe same month, tbe planet appeared, at- 
tended by a satellite; and on tbe 1st of August be ob- 
tained the fullest evidence of tbe verity of the satellite, 
in being able clearly to ascertain, that during tbe two 
hours be watched the planet, it bad carried tbe satellite 
along with it in its orbital tnotion. On tbe 20tb of Sep- 
tember, 1847, Mr. Lassell announced that during tbe 
current year be bad obtained twenty observations of the 
satelbte, and from them all be concluded that its time 
of revolution was five days, twenty hours, and fifty 
minutes. Mr. Bond, at Cambridge, during the yfears 
1847 and 1848, obtained repeated measures of tbe dis- 
tance and angle of position of this satellite by means 
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of a micrometer witli illuminated wires. By a com- 
bination of all tbe Cambridge observations, Mr. Bond 
bas deduced tbe time of revolution five days and twenty- 
one hours. A discussion of tbe entire series of ob- 
servations made by Mr. Lassell at Malta in 1852, gives 
tbe period five days, twenty-one hours, two minutes and 
forty-four seconds, and tbe motion of tbe satellite is 
found to be retrograde. Tbe radius of its orbit is seven- 
teen seconds, which gives about 236,000 miles for tbe 
distance of tbe satellite from tbe planet. Tbe light of 
tbe satellite is nearly equivalent to that of a star of the 
fourteenth magnitude. It is always more brilliant in 
the S. W. than in tbe IST. E. part of its orbit, present- 
ing, in this respect, a striking analogy with tbe outer 
satellite of Saturn. In tbe former position, Mr. Lassell 

found it easy to observe, in tbe latter, extremely difil- 
cult. 



APPAKENT OBBIT OP TIIK BATKLEITB Dll' HEPTUNIJ POE 1852. 

Ihe preceding results enable ns to .compute the mass 
of Neptune, which is found to be part df the sun. 

Ml. Bond states that he bas at times been quite con- 
fident of seeing a second satellite, but bas never yet been 
able to obtain successive measures of its distance from 
the primary. Mr. Lassell also in August, 1860, sus- 
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pected lie saw a second satellite, but was unable to follow 
it long enough to establish its character. 

The grand question still remains untouched— Will tlie 
new planet explain the observed irregularities in the motim of 
Uranus? 

The planet having been actually discovered in the 
heavens, by means of certain predicted elements, and 
within one degree of the predicted place, the natural con- 
clusion was, that those elements were extremely near the 
truth, and that the planet would perfectly explain those 
effects by whose study its own existence had been detect- 
ed. When, however, observation had rendered it certain 
.that the planet moved in a smaller and less eccentric 
orbit than had been predicted, it became doubtful 
whether it would account for the anomalies in the mo- 
tion of Uranus. When le Yerrier, in March, 1847, re- 
ceived notice of the computations of Mr. Walker, who 
obtained an orbit differing but little from a circle, he at' 
once pronounced the small eccentricity incompatible with 
the observed perturbations. Mr. Adams, in a letter June 
llth, 1847, says, “I am hard at work on the perturba- 
tions of Uranus, in order to obtain a new theoretical de- 
termination of the place. The general values of the per- 
turbations are enormous, far exceeding any thing else of 
the same kind in the system of the primary planets. A 
comparison of the numerical expressions for the pertur- 
bations, which I have now obtained, with those which I 
used before, would justify some slceptkism us to former con- 
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elusions. But we shall soon see how this great apparent 
difference affects the result.” 

By referring to the table on page 80, it will be seen 
that Adams and Le Terrier explain the anomalies of 
Uranus by assuming a very large body (having twice the 
mass of Uranus) moving in a very eccentric orbit. It is 
now discovered that the orbit hardly differs at aU from a 
circle, and that the mass is. scarcely one half of that which 
had been assumed. Now the more eccentric the orbit, 
the greater must be the inequality of a planet’s action 
upon other bodies whose orbits are nearly circular. A 
considerable part of the observed irregularities in the mo- 
tion of Uranus, was explained by Adams and Le Terrier, 
by means of the great eccentricity ascribed to their hypo- 
thetical planet. This portion is now gone with the failure 
of the eccentricity. But, on the other hand, Neptune is 
found to be much neao'er Uranus than the hypothetical 
planet, and in consequence of this proximity, its disturb- 
ing action is increased, so that these two variations of the 
elements partly compensate each other. The mass of 
Neptune is also less than the hypotheticaL planet of le 
Terrier, and on this account its disturbing action is dimin- 
ished. To what extent the plangt Neptune would account 
for the perturbations of Uranus was not determined until 
1848. In a communication made to the American Acad- 
emy April 4, 1848, Professor Peirce announced that the 
motions of Uranus are perfectly explained, provided we 
adopt Mr. Walker’s orbit, and the mass of Neptune, 
which is derived from Mr. Bond’s observations of Las- 
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sell’s satellite. By his computations, the great anomali CB 
which had been observed, and which are represented oil 
page 12, almost entirely disappear. All the modern ol>- 
servations are represented quite as well as by the theorii^s 
of Adams and Le Terrier, and the observation of 1690 
much better. The error of Flamsteed’s observation of 
1690, according to Adams’s computation, was 60", and ac- 
cording to Le Terrier’s computation, 20"; but according: 
to Peirce’s theory, this observation is represented within 
single second. 

So then the anomalies of Uranus, which liad so long 
perplexed astronomers, are perfectly accounted for. But 
it is obvious, from a glance at the diagram on page SO , 
that the planet actually discovered is moving in an orbit 
considerably different from what had been computed, SO 
that it bas been claimed by Professor Peirce that 
is not the planet whose existence had hem predicted hy 
Verner, Is this discrepancy between the observed and 
predicted orbits of a serious nature ; and if so, how* is it 
to he accounted for ? This question has been fully dis- 
cussed by Le Terrier .himself. Le Terrier attempted t;o 
deduce the position of a new planet, by studying the i r— 
regularities in the motion of Uranus. The datawhic li. 
he was obliged to employ, were liable to some uncertainty. 
This uncertainty of the data did not result merely from, 
the uncertainty of the observations, but from two otlior 
causes, viz., a possible error in the mass of Saturn sufH-^ 
cient to add 3" to the uncertainty of the observations, and 
from the possible influence of a planet situated beyond 
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Nei)toe, whose action upon Uranus might easily amount 
to 5" or 7". The uncertainty of the data results from the 
combination of these three effects, and might amount to 
10 or 12", while the uncertainty of the modern observa- 
tions does not exceed 2" or 3". Now the irregularities in 
the motion of Uranus, which serve as the basis of the dis- 
cussion, do not exceed at the utmost two minutes of 
space, and for the most part they are less than one 
minute ; so that the data were uncertain to one tenth of 
their whole amount. Le Verrier, therefore, claims that it 
is unreasonable to demand of him a greater degree of ac- 
curacy in the positions assigned to his computed planet, 
than one tenth of their value, and he has attempted to 
show that these positions are not in error by so large a 
quantity. Moreover, as he computes the position of his 
planet only by means of the disturbance which it causes 
in the motion of Uranus, he can only compute this posi- 
tion when this disturbance is appreciable. Now this dis- 
turbance, on account of the distance of the planets from 
each other, is inappreciable from 1690 to 1812. It was 
only from 1812 to 1842, that he was furnished with ob- 
servations in which the disturbing action of Neptune was 
sensible, and the place ■ of the planet for any other time 
must be deduced from its motion during these 30 years. 
He then proceeds to show that the positions he had as- 
signed to Neptune during this period, and also for a 
much longer time, were not in error by one tenth of their 
whole amounts Let us consider, 

I. The error in the computed longitudes of Neptune. 



44 


THE PLANET NEPTUNE. 


The following is the comparison between Le Veriier’s 
predicted places and those resulting from Mr, Walkers 
orbit during a period of 120 years. 


Year. 

Predicted 

longitude. 

Longitude according 
to Mr. Walker. 

En'or. 

1767 

l 74°-3 

155°-5 

+ 18-°8 

1777 

190-4 

176-7 

+ 18-7 

1787 

207-6 

198-0 

+ 9 - 6 ' 

1797 

225-9 

219-3 

+ 6-6 

1807 

245-2 

240-7 

+ 4-5 

1817 

265*3 

262-2 

+ 3-1 

1827 

285-9 

283-9 

2*0 

1887 

306-4 

■ 305 - 7 ' 

+ 0-7 

1847 

326-5 

327*5 

— 1-0 

1857 

345-7 

349-7 

— 4-0 

1867 

3-9 

11-6 

■ _ 7-7 

1877 

20-9 

33-6 

— 12-7 

1887 

36-9 

55-5 

— 18-6 


Thus, it appears, that during a period of 120 years, 
the longitude of ITeptuiie, according to Le Verrier’s 
computation, did not differ from that determined by Mr. 
Walker from the observations, more than 18‘^‘8, or abQu.t 
one twentieth part of an entire circumference; and during 
the period in which the action of Neptune has been 
clearly marked, that is, since 1812, the epor of Le 
Verrier’s theory has not exceeded 8®*7. Lor 1690, the 
theory is indeed very much at faulty but that is the 
result of a comparatively small error in the positions 
assigned during the present century. 

II. The error in the computed distance from the sun. 
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The following table shows the distance of the planet 
from the sun, as predicted by Le Verrier, and that de- 
duced from the computations of Mr. Walker, the dis- 
tance being expressed in radii of the earth’s orbit. 



Predicted 

distance. 

Observed 

distance. 

Error. 

In 1812 

32-Y 

30*4 

-f2-3 

1822 

32*3 

30*3 

+ 2-0 

1832 

32*6 

30*2 

+ 2-4 

1842 

32-8 

30-1 

+2-7 


Thus it appears, that during the 30 years in which 
the action of Neptune upon Uranus has been sensible, 
the error of the predicted distance from the sun has never 
amounted to one tenth of the whole quantity. 

There appears, however, a discrepancy between the 
limits of distance which Lo Verrier assigned to his planet 
before its discovery, and those which he has since pub- 
lished. In 1846 he attempted to determine the limits 
within which the distance might be supposed to vary 
without involving an error greater than 6" in any of the 
observations since 1781. Ss d^iided that the mean dis- 
tance covM not he less than 35-04, nor more than 37-90. 
Now the mean distance of Neptune from the sun is 
known to be only 30-04. From these two propositions 
the legitimate conclusion would seem to be that Neptune 
is not the planet predicted by Le Verrier. But Le Ver- 
rier has lately changed his ground, . and he has dis- 
covered that without supposing the uncertainty of the 
modern data to exceed 6", the theory of Uranus may be 
satisfied by a planet situated in 1846 at any distance from 
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th.e sun between 29'6 and 35‘2. It is not obvioiis hoW 
tbis last statement can be reconciled witb tbo limits^ 
published in 1846. Doubtless Le Terrier has discovered 
that the limits which he first assigned were erroneoUJ^* 
If we compare the predicted onean distance witli 
deduced from the observations, we shall find the errox* 
of the former to amount to one fifth of the wholo 
quantity. 

III. The error in the eccentricity of Neptune, 

Le Yerrier assigned to the orbit of his planet an ec--* 
centrioity of 0*1076 ; the computations of Mr. Wallcoxr 
make the eccentricity of Neptune 0*0087. 

The discrepancy is, considerable ; but Le Yerrier states 
that if we admit an uncertainty of 6" only in tlio moderix 
data, the eccentricity of the body producing the irreg/— 
ularities of Uranus may be chosen arbitrarily between. 
0*2031 and 0*0692 ; and if we admit an uncertainty of* 
7^' or 8'' in the modern data, the eccentricity may havo 
any value between 0*25 and zero. Professor Peirce lia» 
shown that the planet Neptune, with an ecoentiicity* 
almost zero, reconciles all the modern obserTations of* 
Uraijus within 3". . 

lY. Error of the computed mass of Neptune. 

The mass assigned by Le Yerrier to his predicted 
planet was of fbe sun’s mass ; but he adds, that iU 
we admit an uncertainty of 5" in the data, this mass may 
have any value between j-^Vo and The mass of* 

Neptune deduced by Struve, from his own observatioTiH 
of the satellite, is ytIvt 5 but the mass deduced froimLas— 



THE PLAHET NEPTUNE. 


4T 


sell’s observationsj is tys oi-* The former yalue comes 
fairly ■within the limits assigned by Le Verrier, the latter 
somewhat exceeds them. 

On the whole, we must conclude that the orbit of Nep- 
tune agrees with the orbit predicted by Le Verrier, yery 
nearly within the limits which Le Verrier now assigns, 
upon the supposition of an uncertainty of 5" in the data 
since 1781. But these limits, with respect to distance 
and time of reyolution, are yery different from those as- 
signed before the discovery of the planet. The orbit of 
Neptune is not included within the limits which Le Ver- 
rier then assigned ; and it is a legitimate inference, from 
his own premises, that Neptune is not the planet whose 
existence he announced. 

It should also be borne in mind that Professor Peirce 
has shown that Neptune reconciles all the observations 
of Uranus since 1781 within 3'', and that the greatest error 
of any of the ancient observations according to his theory 
is 8 " ; thus proving that Le Verrier’s suspicion of the ex- 
istence of a planet beyond Neptune, and of an error in 
the mass of Saturn is unfounded. The data, therefore, 
instead of being uncertain to one tenth of their whole 
amount, were generally reliable within one sixtieth of 
their value; and Le Verrier’s elements are erroneous 
to an extent far beyond the one sixtieth of their value. 

% It will naturally be asked, how has it happened that 
two astronomers, Adams and Le Verrier, have arrived, 
by independent computations, at almost identically the 
same result, and have made such mistakes with respect 
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to tlie meaiL distance, eccentricity, and mass of tlie planet? 
The answer is , plain : they were misled by placing too 
great confidence in Bode’s law of the planetary distances. 
Since it was necessary, in the first instance, to make some 
hypothesis with regard to the distance of the disturbing 
body from the sun, both computers started with that sup- 
position which was generally thought most probable. 
The distance of Saturn from the sun is nearly double 
that of Jupiter ; the distance of Uranus is almost exactly 
double that of Saturn ; hence it seemed probable that the 
planet they were in search of, would be found at a dis- 
tance about double that of Uranus. Accordingly this as- 
sumption was made the basis of their first computations ; 
but neither of the computers accepted this as his final re- 
sult, without attempting to verify it. They both varied 
the assumed distance, and found that by bringing the 
planet a little nearer the sun, the observed irregularities 
of Uranus were still better explained. The distance of 
86*154 (or about 3435 millions of miles), finally adopted 
by Le Verrier, was that which appeared to reconcile all 
the observations most satisfactorily. This distance corre- 
sponds to a period of two hundred and seventeen years. 
Le Verrier found (or thought he found) that whether he 
increased or diminished this distance, the observations of 
Uranus were not so well represented. He hence inferred 
that the mean distance from the sun could not be less 
than 35*04, nor greater than 37*90. (Le demi-grand axe 
de I’orbite ne pent vari&r qu’entre les limites 35*04 et 
87*90.) The periods of revolution corresponding to these 
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distances are about 207 and 233 years. This conclusion 
was unauthorized, and is now admitted by Le Verrier to 
have been erroneous. The mean distance of ISTeptune 
from the sun is only thirty times that of the earth, and 
still it explains the motions of Uranus even better than 
the hypothetical planet of Le Verrier. 

Prhfessor Peirce has shown that an important change 
in the character of the perturbations takes place near the 
distance 36’3. A planet at the distance 35’3 would ra- 
volve about the sun in 210 years, which is exactly two 
and a half times the period of the revolution of Uranus. 
Now if the times of revolution of two planets were ex- 
actly as 2 to 5, the effects of their mutual influence would 
be peculiar and complicated. This distance of 35:3 is a 
complete barrier to any logical deduction, and the invest- 
igations with regard to the outer space can not be ex- 
tended to the interior. 

The observed distance 30 belongs to a region which is 
even more interesting in reference to Uranus than that of 
35-3. The time of revolution which corresponds to the 
mean distance 30‘4 is 168 years, being exactly double the 
year of Uranus ; and the influence of a mass revolving in 
this time would give rise to very singular and marked 
irregularities in the motion of this planet. Professor 
Peirce was hence led to the conclusion that the planet 
Ueptune was not the planet to which geometrical analysis 
had directed the telescope ; that its orbit was not contain- 
ed within the limits of space explored by Adams and Le 

Verrier in searching for the source of the disturbances of 

3 
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Uranus; and that its discovery by Galle must be regarded 
as a happy accident. Besides that solution of the prob- 
lem -which Le Verrier and Adams obtained, there is 
another solution which corresponds to the orbit and mass 
of Neptune. .The fact however that Neptune does not 
correspond to Le Yerrier’s solution can not detract from 
the merit or value of his investigation. Since, by using 
all the observations within his reach, he found an orbit 
and mass capable of accounting for the observed motions 
of Uranus, he is entitled in the opinion of mathematicians 
to all the admiration he would have received had such a 
planet actually moved in that orbit. 

To some it has appeared a matter of surprise that the 
new planet was not sooner discovered. Le Yerrier’s sec- 
ond memoir, which assigned the probable place of the 
disturbing body, was presented to the Academy on the 
first of June, 1846 ; and his third memoir (containing 
every thing which Dr. GraUe had in his possession at the 
time of his discovery) was presented August 81st ; yet 
GaJle’s discovery was not made till September 23d. 
What were the astronomers of Paris doing meanwhile ? 
Why did they not immediately point their .telescopes to 
the heavens? Why did 'they neglect the opportunity of 
securing to Prance the glory of both the theoretical and 
practical discovery, and leave to a G-erman astronomer 
the verification of the sublimest theory of modern 
science ? The answer is plain. The astronomers of Paris 
did not expect to find a phnet within one degree of the place 
compuM h/ leYerrier., Le Yerrier himself did not ex- 
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pect it. He assigned the mostp-obahle place of his planet 
in longitude 325°. He expressed the opinion that its 
longitude would not be less than 321°, nor more than 335°. 
But he adds, “If the planet should not he discovered 
within these limits, then we must extend our search heyond 
them.^\ If he was sure of being able to .find his planet 
without a long-continued and laborious search, why did 
he not borrow a telescope, and at once verify his own 
predictions ? 

Nor had the astronomers of the rest of Europe much 
higher faith than those of Paris. Professor Encke, in 
announcing the discovery, characterizes it as ‘■'■far ex- 
ceeding any exipectaticms which could have been ^previously 
entertained." That Professors Airy and Ohallis, although 
they were pretty well satisfied of the existence of a planet 
yet undiscovered, regarded its exact place in the heav- 
ens as extremely uncertain, is plain from their compre- 
hensive plan of observation, viz., to sweep three times 
over a belt of the heavens, thirty degrees in length, and 
ten degrees in breadth, a plan which Professor Ohallis 
states it would have been impossible for him to complete 
within the year 1846. 

Do we then charge Encke and Airy with a want of 
sagacity? By no means. On the contrary, we main- 
tain that they had no reason to expect to find the planet 
within one degree of the computed place. L'e Verrier’s own 
statement of the limits within which the planet should 
be sought for, is sufficient proof of this. "L’incertitude 
des donn6es pourrait produire une incertitude de plus 
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de 18 d^gr^s dans le lieu de'l’astre, ^ Tune des epoques 
oii Toil pouvait le mieux repondre de sa position. The 
uncertainty of tlie data caused an uncertainty of more 
than eighteen degrees in the position of the planet^ even at the 
time when its situation was lest determinedy Professor 
Cliallis, therefore, proceeded like a sagacious as well as 
brave general. He contemplated a long siege— yet his 
plan rendered ultimate success almost certain. Dr. Gralle 
took the citadel by* storm — yet he had no reason to ex- 
pect so easy a conquest. His success must have as- 
tonished himself as much as it did the world. 

Let us then be candid, and claim for astronomy no 
more than is reasonably due. When in 184:6 Le Vender 
announced the existence of a planet hitherto unseen, 
when he assigned its exact position in the heavens, and 
declared that it shone like a star of the eighth magnitude, 
and with a perceptible, disc, not an astronomer of France , 
and scarce an astronomer in Europe, had sufficient faith 
in the prediction to prompt him to point his telescope 
to the heavens. But when it was announced that the 
planet had been seen at Berlin ; that it was found within 
one degree of the computed place ; that it was indeed a 
star of the eighth magnitude, and had a sensible disc, 
then the enthusiasm not merely of the public generally, 
but of astronomers also, was even more wonderful than 
their former apathy.. The sagacity of Le Verrier was 
felt to be almost superhuman. Language could hardly 
be found strong enough to express the general admira- 
tion. y The praise then lavished upon Le Verrier was 
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somewliat extravagant. The singularly close agreement 
between the observed and computed places of the planet 
was accidental. So exact a coincidence could not have 
been reasonably anticipated. If the planet had been 
found even ten degrees from what Le Verrier assigned 
as its most probable place, this discrepancy would have 
surprised no astronomer. The discovery would still 
have been one of the most remarkable events in the 
history of astronomy, and Le Verrier would have merited 
all the honors which hare since been conferred upon 
him. 



SECTION IT. 

THE ZONE OE PEAHBTS BETWEEN MARS AND JUPITER. 

Seventy-five years since, the only planets known to 
men of science were the same which were known to 
the Chaldean shepherds thousands of years ago. Between 
the orbit of Mars and that of Jupiter, there occurs an 
interval of no- less than 850 millions of miles, in which 
no planet was known to exist before the commencement 
of the present century. Nearly three centuries ago, 
Eepler had pointed out something like a regular pro- 
gression in the distances of the planets as far as Mars, 
which was broken in the case of Jupiter. Having de- 
spaired of reconciling the actual state of the planetary 
system with any theory he could form respecting it, he 
hazarded the conjecture that a planet really existed be- 
tween the orbits of Mars and Jupiter, and that its small- 
ness alone prevented it from being visible to astronom- 
ers. The remarkable passage containing this conjecture 
is found in his Prodromus, and is as follows: “ When this 
plan, therefore, failed, I tried to reach my aim in another 
way, of, I must confess, singular boldness. Between 
Jupiter and Mars I interposed a new planet, and another 
also between Venus and Mercury, both which it is pos- 
sible are not visible on account of their minuteness, and 
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I assigned to tliem, tlieir respective periods. In tMs way 
I, tlaouglit that I might in some degree equalize their 
ratios, which ratios regularly diminished toward the sun, 
and enlarged toward the fixed stars.” 

But Kepler himself soon rejected this idea as improb- 
able, and it does not appear to have received any favor 
from the astronomers of that time. 

An astronomer of Florence, by the name of Sizzi, 
maintained, that as there were only seven apertures in 
the head^ — two eyes, two ears, two nostrils, and one 
month — and as there were only seven metals and seven 
days in the week, so there could be only seven, planets. 
These seven planets, according to the ancient system of 
astronomy, were Saturn, Jupiter, Mars, the Sun, Venus, 
Mercury, and the Moon. 

In 1772, Bode published a treatise on Astronomy, in 
which he first announced the singular relation between 
the mean distances of the planets from the sun, which 
has since been distinguished’by his lame. This famous 
law may be thus stated. If we set down the number four 
several times in a row, and to the second 4 add 3, to 
the third 4 add twice 3 or 6, to the next 4 add twice 6 
or 12, and so on, as in the following table, the resulting 
numbers will represent nearly the relative distances of the 
planets from the sun : 

4 4 4 4 4 4 4 

8 6 12 24 48 % 

4 7 10 16 28 52 100 . 
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If the distance of the Earth from the Sun be called 
10, then 4 will represent nearly the distance of Mercury; 
7 that of Venus; 16 that of Mars; 62 that of Jupiter; 
and 100 that of Saturn. This law exhibited in a striking 
light the abrupt leap from Mars to Jupiter, and sug- 
gested the probability of a- planet revolving in* the inter- 
mediate region. This conjecture was rendered still more 
plausible by the discovery, in 1781, of the planet Uranus, 
whose distance from the sun was found to conform 
. nearly with the law of Bode. In' Germany, especially, 
a strong impression had been produced that a planet 
really existed between Mars and Jupiter, and the Baron 
de Zach went so far as to calculate, in 1784-5, the orbit 
of the ideal planet, the elements of which he published 
in the Berlin Almanac for 1789. In 1800, six astron- 
omers, of whom the Baron was one, assembled atLilien- 
thal, and formed an association of twenty -four observers, 
havmg for its object to effect the discovery of the unseen 
body. Eor this pui-pose the zodiac was divided into 
twenty-four zones, one of which was to be explored by 
each astronomer; and the conduct of the whole opera- 
tion was placed under the superintendence o.f Schrdter. 
Soon after the formation of this society, the planet was 
discovered,, but not by any of those astronomers who 
were engaged expressly in searching for it. Piazzi, the 
celebrated Italian astronomer, while engaged in construct- 
ing his great catalogue of stars, was induced carefully to 
examme, several nights in succession, apart of the con- 
stellation Taurus, in which mUaston, by mistake, had 
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assigned tlie position of a star wliicli did not really exist. 
On the 1st of January, 1801, Piazzi observed a small 
star, wliicb on the following evening appeared to have* 
clianged its place. On tbe 3d lie repeated his observa- 
tions, and he now felt assured that the star had a retro- 
grade motion in the zodiac. On the 24th of January 
he transmitted an account of his discovery to Oriani and 
Bode, communicating the position of the star on the 3d 
and 23d of that month. He continued to observe the 
star until the 11th of February, when he was seized 
with a dangerous illness, which completely interrupted 
his labors. His letters to Oriani and Bode did not reach 
those astronomers until the latter end of March, at which 
time the planet had approached too near the sun to 
admit of further observations, and it was . necessary for 
this purpose to wait until the month of September, when 
the planet would have extricated itself from the solar 
rays. Its re-discovery, after the lapse of so considerable 
a period, subsequent to the most recent observation, 
could not be accomplished without a pretty accurate 
knowledge of the orbit in which it was moving; but 
the data communicated by Piazzi were insufficient for 
this purpose. After some delay ,he communicated to 
astronomers all the observations made by himself down 
to the end of February. Professor G-auss found that 
they might all be satisfied within, a few seconds by an 
elliptic orbit, of which he calculated the elements ; and 
with the view of aiding astronomers in searching for the 

planet, he computed an ephemeris of its motion for 

3 * 
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several months. The planet was finally discovered by 
De Zach on the 31st of December, and by Olbers on the 
following evening. Piazzi conferred on it the name of 
Ceres, in allusion to the titular goddess of Sicily, the 
island in which it was discovered; and the sickle has 
been appropriately chosen for its symbol of designation. 

The mean distance of Ceres, as determined by the cal- 
culations of Grauss, was 2’767. The distance assigned by 
Bode’s law was 2 "8. In this respect, therefore, the newly- 
discovered planet harmonized with the other bodies of 
the system to which it belonged. 'The new planet was, 
however, excessively minute ; its diameter, according to 
■Herschel’s measurements, amounting to only 161 -milfta , 
Its inclination to the ecliptic exceeded ten degrees, and 
consequently it deviated from that plane more than either 
of the older planets. 

The discovery of Piazzi was soon followed by another 
of a similar nature. Dr. Olbers, while engaged in 
searching for Ceres, had studied with minute attention 
the various configurations of all the small stars lying 
near her path. On the 28th of March, 1802, after ob- 
serving the planet, he swept over the north wing of 
Virgo with an ' instrument termed a “Comet Seeker,” 
and was astonished to find a star of, the seventh magni- 
tude, forming an equilateral triangle with two other small 
stars, whose positions were given in Bode’s catalogue, 
where he was certain no star was visible in January and 
February preceding. In the course of less than three 
hours he found the right ascension had diminished, and 
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the north declination increased. On the following even- 
ing, as soon as the twilight permitted, he looked again 
for his star ; it no longer formed an equilateral triangle 
with the stars above mentioned, hut had moved con- 
siderably in the direction indicated by the preceding 
night’s observations. On the 30th, after again observing 
the planet. Dr. Olbers wrote to Bode at Berlin, and to 
Baron De Zaoh, giving an account of his discovery. 
“ What a singular accident,” he exclaims, “ was it by 
which I found this stranger nearly in the same place 
where I had observed Ceres on the 1st of January 1’ 
The elements of the orbit were quickly determined by 
Professor Gauss, who found the most remarkable pe- 
culiarity consisted in the great inclination of its plane to 
the ecliptic, which amounted to 34° 35'. The orbit was 
found to be an ellipse of not much greater eccentricity- 
■ f.lia-n that of Mercury, with a mean distance “nearly the 
same as that of Geres. Dr. Qlbers suggested Pallas as the 
name for this new member of our system. 

A comparison of the relative magnitudes of the planet- 
ary orbits had suggested the existence of an unknown 
planet, revolving between the orbits of Mars and Jupiter. 
Instead of one planet, however, two had been discovered. 
Olbers remarked that the orbits of these two bodies ap- 
proached very near each other at the descending node of 
Pallas, and he conjectured that they might possibly be 
the fragments of a larger planet which had once revolved 
in the same region, and had been shivered in pieces by 
some tremendous catastrophe; and he intimated that 
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there might be many more similar fragments which had 
not yet been discovered. He also infen-ed, that though 
the orbits of all these fragments might be differently in* 
dined to the ecliptic, yet, as they all had a common 
origin, their orbits would have two common paints of in- 
tersection, situated in opposite regions of the heavens, 
through which every fragment would necessarily pass in 
the conrse of each revolution. He proposed, therefore, to 
search carefully, every month, the north-western part of 
the constellation Virgo, and the western part of the con- 
stellation of the Whale, being the two opposite regions in 
which the orhits of Ceres and Pallas were found to inter- 
sect each other. Meanwhile the discovery of a third 
planet tended to confirm the truth of his hypothesis, and 
to encourage him in his arduous undertaking. 

Professor Harding, of Lilienthal, undertook to con- 
struct a series of charts upon which should be represented 
the positions of all the small stars lying near the paths of 
Ceres and Pallas, with a view to assist the identification 
of these minute bodies. On the 1st of September, 1804, 
while engaged in exploring the heavens for this purpose, 
he perceived a small star in the constellation Pisces, 
very near to that part of the constellation of the Whale 
through which Olbers had asserted that the fragments of 
the shattered planet would be sure to pass. On the even- 
ing of the 4th he re-examined the neighborhood, and 
found that the star had changed its place.- On the 6th 
and 6th, he observed it more accurately, and finding that 
the positions deduced from his observations confirmed the 
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motion indicated by tbe .estimates on September 1st and 
4th, he announced the discovery to Dr. Olbers, at 
Bremen, on the 7th, who saw it the same evening. Pro 
fessor Harding named his^ planet Juno. The elements of 
its orbit were calculated by Gauss, who found its mean 
distance from the sun to coincide nearly with the mean 
distances of Ceres and Pallas. The eccentricity surpass- 
ed that of any other member of the planetary system. 
Like Ceres and Pallas, it is remarkable for its extreme 
smallness. Herschel was unable to pronounce with cer- 
tainty that its diameter exhibited any sensible magni- 
tude. 

Stimulated by the discovery of J uno, Olbers continued 
with unremitting assiduity to explore the two opposite re- 
gions of the heavens through which he conceived the 
fragments of the shattered planet must pass. ,At length, 
after he had been engaged nearly three years in this, la- 
borious pursuit, his perseverance was crowned with suc- 
cess, On the evening of the 29th of March, 1807, while 
occupied in sweeping over the north wing of Yirgo, he 
discovered an object shining like a star of the sixth or 
seventh magnitude, which he concluded at once to be a 
planet, inasmuch as the previous examination of the 
vicinity had indicated no star in the position of the 
stranger. On the same evening he satisfied himself that 
it was really in motion, and continuing his observations 
until the 2d of April, he obtained sufficient evidence to 
justify the public announcement of his discovery of 
another new planet. Accordingly, on the following day, 
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lie wrote to Professor Bode of Berlin, and to Baron de 
Zach of Gotha, and particularly mentioned that his sec- 
ond discovery was not the result of accident, but of a 
systematic search for a body of this nature. The ele- 
ments of the orbit were determined by Gauss, who ex- 
ecuted the calculations required for this purpose within 
ten hours after he obtained possession of the observations. 
The planet was found to revolve in the same region with 
Ceres, Pallas, and Juno, its mean distance from the sun 
being somewhat less than that of either of those bodies. 
At the request of Dr. Olbers, Gauss consented to name 
the planet, and decided upon Vesta, the symbol of desig- 
nation being the altar on which burned the sacred fire in 
honor of the goddess. This planet is even smaller than 
either of the three others previously discovered, but “it is 
reinarkable for the brilliancy of its light. Near her op- 
position to the sun, a person with good sight may often 
distinguish her without a telescope. 

Dr. Olbers continued his systematic examinations of the 
.small stars in Virgo and Cetus, between the years 1808 
and 1816, and was so closely on the watch for any mov- 
ing body, that he considered it very improbable ^ planet 
could have passed through either of these regions in the 
interval, without being detected. No further discovery 
being made, the plan was relinquished in 1816. 

In 1825, a fresh impulse was given to researches of 
this nature, by the resolution of the Berlin Academy of 
Sciences to procure the construction of a series of charts 
representing the positions of all the stars, down to the 
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aiEth. magnitiidej in a zone of tke keaveiis extending fif- 
teen degrees on eacTi side of tlie equator. Only about 
two thirds of the charts contemplated in this great under- 
taMng have yet been executed. ^ 

About the year 1830, M. Hencke„an amateur astrono- 
mer of Driessen, in Q-ermany, commenced a careful sur- 
vey of the zone of the heavens comprised within the 
charts published by the Academy of Berlin. He ex- 
tended those maps by the insertion of smaller' stars, and 
made himself well acquainted with their various configu- 
rations. After fifteen years his perseverance met with its 
due reward. On the 8th of December, 1845, while en- 
gaged in comparing the map of the fourth hour of right 
ascension with the heavens, he noticed what appeared to 
be a star of the ninth magnitude, between two others of 
the same brightness in Taurus, which had not been 
noted in his previous examinations. "Without waiting 
for any further observations, M. Hencke wrote to Pro- 
fessors Enclce and Schumacher, stating his reasons for 
supposing that he had detected a ^new planet. On the 
14th of December the Berlin astronomers found the 
stranger in a position where no star was marked on the 
corresponding chart of the Academy, and the motion was 
easily perceived the same evening. On this occasion the 
elements of the orbit were rapidly determined, not by 
G-auss individually, as on previous occasions of a similar 
kind, but by a host of young astronomers throughout 
Europe, who had become familiar with the methods of 
that illustrious master. The results of their calculations 
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stowed tte tody to be one of the family of asteroicls. M- 
Hencke requested Professor Encke to name bis 
planet, 'and the Professor-conferred on it the appcllalKHi 
of Astrsea. ^ 

Encouraged by his success, M. Hencke continued, lus 
search for planetary bodies, extending and verifying’ tlic 
Berlin Academical charts, and by frequent coinparii^ot^ 
■with the heavens acquired an extensive knowledge of iho 
configurations of the smaller stars in certain reglourt 
about the equator and ecliptic. . On the 1st of July, lB-17 , 
while engaged in examining the seventeenth hour c>l 
right ascension, he perceived a small star, of about 
ninth magnitude, which was not marked on tlic (*<>r« 
responding map of the Academy. On the 3d, ho repeat* 
ed his observation, and found that, during the intcrnietli- 
ate period, its right ascension had sensibly diminished,, 
leaving no doubt of its planetary nature. Information of* 
the discovery was circulated by M. Hencke on the Ibllow^- 
ing day, and the planet was soon recognized at the jiriii*- 
cipal observatories of Europe.. The illustxuous matJie- 
matician. Professor Gauss, was deputed by the disco vtjrr*!' 
to select a name for the stranger, and it receiyed the naiuiS 
of Hebe, with a cup for. the symbol, emblematic of th*'* 
ofiS.ee of the goddess in mythology. The orbit is 
eccentric, and inclined more than 14 degrees to tlic phua. ^ 
of the ecliptic. 

The next two members of this remarkable group in 
order of discovery were found by Mr. Hind, at the olw 
servatory erected by Mr. Bishop, in the grounds of hi» 
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private residence, in the Eegent’s Park, London. So 
early as April, 1845, a search for planetary bodies was 
commenced, but in consequence of other classes of ob- 
servation, no systematic plan of examination of the 
heavens was attempted. In November,. 1846, a rigorous 
search was undertaken, the Berlin Academical charts be- 
ing employed as far as they extended; while ecliptic 
charts, including stars to the tenth magnitude, were 
formed for other parts of the heavens, where the ecliptic 
passes beyond the limits of the Berlin maps. On the 
13th of August, 1847, after nine months’ close observa- 
tion on the above system, an object resembling a star of 
the eighth magnitude was discovered, which, was not 
marked on the corresponding Berlin map. Its planetary 
nature being immediately suspected, it was attentively 
observed, and in less than half an hour the motion in 
right ascension was detected. In the course of an hour 
the planet had retrograded two seco'nds of time, a suffi- 
cient change of place to be indubitable. An announce- 
ment of the discovery was made to astronomers generally 
on the following morning, and observations were soon 
obtained at most of the European observatories. At the- 
suggestion of Mr. Bishop the planet was named Iris. The 
symbol is due to Professor Schumacher, and is qomposed 
of a semicircle representing the rainbow, with an interior 
star, and a base line for the horizon. Several observers 
have remarked decided variations in the light of this 
planet, which are not accounted for by change of d^tance 
from the earth and sun, and which there is strong reason 
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to suppose are in a great measure independent of atmos- 
pheric conditions. 

Continuing the plan of observation already described, 
Mr. Hind notioed, on the 18th of October, 1847, in the 
constellation Orion, a star of the eighth or ninth magni- 
tude, "which had not been previously visible in the posi- 
tion it then occupied. Micrometrical measures of its 
position, made after the lapse of about four hours from 
the time when he first observed it, established the exist- 
ence of a proper motion, and it was immediately an- 
nounced to astronomers as the eighth member of the 
group of small planets. At.the suggestion, of Sir John 
Herschel the new planet received the name Flora, and a 
flower, the “rose of England,” was chosen as the sym- 
bol. Its period of revolution is shorter than that of any 
other of the asteroids, being only about 1193 days. 
Flora, therefore, comes after Mars in order of mean dis- 
tance from the sun, -and approaches nearer to the earth 
than the rest of the group to which she belongs. The 
planet is- somewhat ruddy, but without any hazy appear- 
ance, such as might be supposed to arise from an exten- 
.siye atmosphere. 

In the year 1848 another member of this interesting 
group was brought to light by Mr. Graham, at the private 
observatory of Markree Castle, Ireland, under the direc- 
tion of Mr. Cooper. Having formed a chart of the stars 
near the equator, in the 14th hour of right ascension, on 
a more extended scale than- that of the Berlin charts, he 
remarked, on the 25th of April, a star of the tenth mag- 
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aitude in a position wliere none had been visible before, 
and noted it down for re-examination. On the following 
evening this object was found to have retrograded one 
minute, thus leaving no doubt of its planetary nature. 
On the 27th the discovery was announced to several as- 
tronomers in England and on the OontineAt, and soon 
became generally known through the circulars issued by 
Professor Schumacher. The name selected for this planet 
is Metis, with an eye and star for a symbol. This planet 
is remarkable for the near coincidence of its mean motion 
with that of Iris, the difference of their periodic times, 
according to the most recent calculations, amounting to 
less than one day. 

On the 12tli of April, 1849, Dr. Annibal de Gasparis, 
assistant astronomer at the royal -observatory at Naples, 
while comparing the Berlin chart for the twelfth hour 
of right ascension with the heavens, perceived a star of 
between the ninth and tenth magnitudes, in a position 
which he had found vacant at previous examinations of 
this region. Unfavorable weather interrupted his ob- 
servations for that evening, but on the 14th he ascer- 
tained that it had sensibly changed its place, and was 
therefore a new planet. Professor Oapocci, director of 
the Neapolitan observatory, named the planet Hygeia. 
The mean distance of this planet from the sun is, with 
perhaps a single exception, greater than that of any other 
known member of this group, corresponding to a revolu- 
tion in 2041 days. . , 

On the occasion of the discovery of Hygeia, Sir John 
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Hersohd had suggested that Partheuope would be a very 
appiopnate name to commemorate the site of the. dis 
coyery ; that nymph haying giyen her name to th! city 

no.ca.ledNap.es. Sigacs de easparis s«es Lt 
used his utmost exertions to realize for Sir John Herschel 
a Partheuope in the heavens, and his endeavors were 
ciowne with success on the 11th of May, 1850 This 
new planet appeared like a star of the ninth magnitude, 
n e evening of September 13, 1850, Mr. Hind 

.t: Vo**" -n^tnde ia We 

ammed on previous occasions, without any mention 

Hirfsa^Ll P-'- Hat; 

• ina at once as to its planetary nature, and 

micrometer was introduced to ascertain the difference 

tainf r“ to ob- 

tam conclusiveproof of the discovery of a new planet 

n less than an W the brighter ate had moTcd west 

be eihrtauted in Zfct M T “ 

the sni . V ^ ° position in 

fitesota system, Mr. Bind selected for this pW tte 

Min, Victona, ..ft a 3^- and hmi-el-bpanch te ift sy^. 
W In c^e, hotyeyen, fti. ^ 

objectionable, he proposed that of Olio whiVh i 
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Remarkable changes of brJliancy in this bodv hn 
been noticed at the Washington obseryatory L ftc 

g ■ tlie succeeding night it had -dimin- 
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isted to the twelfth magnitude, while the star of com- 
parison exhibited no perceptible change. Differences to 
a greater amount were observed between the 22d and 
25th of February, 1851. On the nights of the 1st and 
2d of March, 1851, it appeared as a star of the twelfth 
magnitude, and was observed without difficulty ; the star 
of comparison being near, and of about the same magni- 
tude. On the night of the 3d, Olio could barely be ob- 
served with the faintest illumination, while the same star 
of comparison used on the nights of the 1st and 2d ap- 
peared as before. On the night of the 4th the planet 
appeared even more brilliant than it did on the nights 
of the 1st and 2d instant. These changes seem to sug- 
gest the probability that the light is reflected with un- 
equal intensity from different sides of this asteroid. 
Similar differences of magnitude in the other asteroids 
have been .noticed, partiQularly in Astraea. 

, The discovery of Victoria was soon followed by that 
of another asteroid by Dr. Annibal de Gasparis, at the 
royal observatory, Naples. In this case a star map was 
not the means of discovering the planet, but its existence 
was indicated by a series of observations in zones of de- 
clination, which had been undertaken for the express 
purpose of finding new planets. On the 2d of Novem- 
ber, 1850, Dr. Gasparis met with the thirteenth asteroid 
in the constellation Cetus. ^ It was sensibly fainter than 
stars of the ninth magnitude. M. Le Yerrier, to whom 
was delegated the right of naming this planet, proposed 
Egeria, the counselor of Numa Pompilius. The orbit is 
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more inclined to tlie plane of the ecliptic than that of 
most of the other planets. 

The next member of the group of small planets in the 
order of discovery, was found by Mr. Hind in the con- 
stellation Scorpio, on the 19th of May, 1851, and four 
days later by Dr. Gasparis, at Haples. It appeared like 
a star of between the eighth and ninth magnitudes, with 
a full blue light, and seemed to be surrounded by a 
faint nebulous envelope or atmosphere, which could not 
be perceived about stars of equal brightness. The nature 
of this object was satisfactorily established within half 
an hour from the first glimpse of it on the 19th of May j 
repeated examinations of the vicinity oh previous oc- 
casions having indicated no star in the position of the 
stranger. At the recommendation of Sir John Ilersohel 
the new planet was named Irene, in allusion to the peace 
prevailing at that time in Europe; the symbol proposed 
being a dove with an olive-branch and star on its head. 

On the night of July 29, 1851, another small planet 
was discovered by Dr. Gasparis, at Maples, in the course 
of his zone observations, commenced with an especial view 
to the discovery of new planets. It shone as a fine star 
of the mnth magnitude; but, owing to its low situation 
HI the heavens, was not so generally observed during 
ite first apparition as some of the other newly-discovered 
bodies. Dr.Gasparis named his planet Eunomia, who 
m classical mythology was one of the Seasons, a sister of 

0. tke 17th of March, 1862, M. do S^pari., at Naplea, 
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discovered another small planet near the blight star 
Begulus. It appeared like a small star of the tenth or 
eleventh magnitude, and has received the name of 
Psyche. Mr. Hind, of London, narrowly missed the 
honor of being the first discoverer, of this body. On 
the 29th of January preceding, he entered upon his chart 
a star of the eleventh magnitude in the place, where, ac- 
cording to subsequent computations, this planet ought to 
have been. The chart was immediately sent to the en- 
graver, and not returned until March 18 ; but on the 
evening of that day he discovered that the above star 
was missing. He immediately commenced a search for 
the planet, and actually recorded it again on the 20th as 
a .fixed star, but moonlight and unfavorable weather 
prevented him from establishing its planetary nature 
before he received the announcement of Dr. Grasparis’ 
discovery. 

On the 17th of April, 1852, another planet was dis- 
covered near Plora by Mr. E. Luther, at the observatory 
at Bilk, near Dtisseldorf. Professor Argelander, of Bonn, 
proposed for this planet the name of Thetis, which name 
was accepted by the discoverer, and has been adopted by 
astronomers. 

On the 25th of June, 1852, Mr. Hind, at London, dis- 
covered another planet, having the appearance of a star 
of the ninth magnitude, and of a yellowish light. Mr. 
Airy, the astronomer royal, having been requested by 
Mr. Bishop to select a name for this planet, proposed to 
call it Melpomene. It is the nearest of the group of 
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asteroids, except ]?lora, making its revolution in about 
1269 days. 

On the 22d of August, 1852, Mr. Hind discovered 
another planet not far from the ecliptic in the constella- 
tion Aquarius. It appeared like a star of the ninth 
magnitude, and exhibited the same yellowish color which 
TOs remarked about Melpomene. Mr. Hind having been 
requested by Mr. Bishop to find a name for-this planet, 
proposed, to cadi it !Portuna. * 


The next planet was independently discovered by Pro- 
fessor de Gasparis on September 19th, and by M. Cha- 
cornac, assistant to M. Yalz, at MarseiUes, on the 20th of 
e same month. M. Chacornac was occupied in com- 
pleting some ecliptic charts of the stars according to a 
plan adopted by Professor Yalz in 1847, and on the night 
of September 10, he remarked a star of the ninth mag- 
mti^e in a position where none had been seen before. 
M Yalz proposed the name Massilia for this object, in 
w ich Professor Gasparis, who had a prior claim to the 
iscovery, appears to have concurred. The inclination 
of Its orbit to the ecliptic is less than that of any other 
known planet, Uranus not excepted. 

■ On the 15th of November, 1852, another planet was 
scovere , at Paris, by M. Hermann Goldschmidt, an 
historical painter, residing in that city. M Aravo 

proposed to call it Lutetia. It resembled a star of the 
nmth or tenth magnitude. 

li«<a»cove,y, Noyember 
Wlh. Mr. Hmd, of londoo, doteoled a now pknot with 
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the assistance of one of tke ecliptioal star-maps at present 
m course of publication from Mr. Bishop’s observatoiy. 
It was not much over the tenth magnitude, which is 
rather beyond the limit of the Berlin charts. Mr. J. 0. 
Adams, ^ president of the Astronomical Society of Lon- 
don, being requested to name the planet, proposed to call 
• rt Calliope. . . 

On the 15th of December, 1852, another planet was 
detected by Mr. Hind. It had a pale, bluish light, and 
resembled a star of the tenth or eleventh magnitude, and 
being not very far from perihehon, is probably one of 
the faintest members of the group. Mr. Bishop, at the 

request of Mr. Hind, has selected for this planet the name 
Thalia. 

^ Thus, within a period of nine months, were discovered 
eight small planets belonging to the group between Mars 
and Jupiter, and four of them were discovered by Mr. 
Hind of London, a fact altogether without precedent in 
the history of astronomy— a -result not of accident, but 
of a systematic and persevering survey of the heavens. 

On the 5th of April, 1853, Professor de Gasparis dis- 
covered in the constellation Leo. a very minute object, 
estimated as not brighter than a star of the twelfth mag- 
mtude, which on the following evening he recognized 
as a new planet, in consequence of its proper motion. 
This discovery was ascribed to the circumstance, that oh 
the 5th of April, 1851, very near to the place where this 
planet was found, he had observed a star of the twelfth 
magnitude, which had subsequently vanished ; for which 

4 
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reason lie was led to examine the neighboring stars witl* 
nnnsual care. Professor Secchi, having been invited by 
Professor de Gasparis to select a name for this planet^ 
proposed the name of Themis, the same which. ProfcssoJ* 
de Gasparis had originally proposed for Massilia. Tin ? 
mean distance .of Themis from the sun is greater than 
that of any other known asteroid, excepting Hygeiifc 
and Euphrosyne, corresponding to a period of 2037 
days. 

On the night after the preceding discovery, April 6tli, * 
M. Ohacornac, at Marseilles, discovered another small 
planet. It appeared of a bluish tint, and of the size of 
a star of the ninth magnitude. M. Valz proposed to call 
this planet Phoc^a, Marseilles having been founded by a 
colony from Phocsea. 

On the 5th of May, 1863, Mr. R. Luther, director of 
the observatory at Bilk, near Liisseldorf, discovered a 
new planet like a star of the eleventh magnitude. This 
planet was christened by the celebrated Baron von Hum- 
boldt, who selected for it the name of Proserpina, with, 
the symbol of a pomegranate and a star in its center. 

On the 8th of November, 1863, Mr. Hind discovered 
another planet within the Emits of his ecliptical chart for 
the third hour of right ascension. It was as bright as 
stars of the ninth magnitude, and its light appeared re- 
markably blue. This planet has received the name of 
Euterpe. 

On the 1st of March, 1864, Mr. R. Luther, director 
of the observatory at Bilk, near Diisseldorf, discovered 
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another planet. It appeared like a star of the tenth 
magnitude, and has received from Professor Encke the 
name Bellona ; the symbol proposed being a whip and 
a lance. 

On the same night as the preceding^ but about two 
hours later, Mr. Albert Marth, at the Regent’s Park ob- 
servatory in London, discovered another planet near 
Spica Virginis. It appeared like a star of the tenth or 
eleventh magnitude, and Mr. Bishop has proposed for it 
•the name Amphitrite. On the 2d of March the same 
object was independently discovered at the Radcliffe ob- 
servatory, Oxford, England, by Mr. Pogson, who for 
several years has devoted his leisure hours, after the- 
i-egular duties of his office are completed, to the formation 
of charts of small stars, with the view to the detec- 
tion of new planets or variable stars. A third independ- 
ent discovery was made on the 3d of March by M. 
Ohacornac, assistant observer at the observatory of Paris. 
The same impression of the Tirrm contained two inde- * 
pendent communications from Mr. Hind of London, and 
Mr. Johhson of Oxford, each containing the announce- 
ment of this discovery. Also, on the 4th of Eebruary, 
at Marseilles, 'M. Ohacornac noted a star of the tenth 
mapitude, which is now wanting in that place, and 
-which is shown to have been the body first recognised 
as a planet by Mr. Marth. 

On the 22d of July, 1864, the thirtieth asteroid was 
discdvered by Mr. Hind at Mr. Bishop’s observatory in 
Itegent’s Park, London. It appeared like a star between 
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the ninth and tenth magnitudes. Professor de Morgan, 
who was requested hj Mr. Bishop to find a name for this 
planet, has recommended Urania. 

On the 1st of September, 1854, the thirty-first asteroid ‘ 
was discovered at the Washington observatory, by Mr. 
James Perguson. It was so close to the planet Egeria, of 
which Mr. Ferguson was in search, that it was observed 
along with it on the 1st. Another night’s observation 
proved that both were planets, the new one appearing of 
about the same degree of brightness as Egeria. Mr. Fer^ 
guson has been employed for several years with the great 
equatorial telescope at Washington, and has spent a large 
portion of his time in observing the places of the newly- 
discovered asteroids. This is the only instance in which 
any American astronomer has been the first discoverer of 
a primary planet. Mr. Bond, of Cambridge, was the first 
discoverer of the faint satellite of Saturn, and several 
American astronomers have enjoyed the honor of having 

• first discovered a comet. The honor of naming this new 
planet was left to Mr. Ferguson, and he has selected the 
name of Euphrosyne. The period of revolution appears 
to be greater than that of either of the other asteroids, 
and its inclination to the ecliptic is greater than any ex-. 

* cept Pallas. 

On the 28th of October, 1854, two new asteroids were 
discovered at Paris, one of them by M. Goldschmidt, the 
other by M. Ohacornac. The former appeared as a star 
of somewhat less than the tenth magnitude, and has been 
named Pomona; the latter somewhat smaller than; a 
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■Star of tlie ninth magnitude, and has been named 
Polymnia. The eccentricity of the orbit of Polymnia ap- 
pears to be greater than that of any other known member 
of the planetary system, the difference between the dis- 
tances from the sun at perihelion and aphelion amounting 
to about the entire diameter of the earth’s orbit. 

On the evening of April 5th, 1856, M. Ohacornac, of 
the Imperial Observatory of Paris, discovered another 
small planet of the eleventh magnitude. ' In about two 
hours its right ascension -had changed nearly five seconds 
of time, showing clearly its planetary character. On the 
next day the planet was publicly announced, and was 
soon found at the other observatories of Europe. This 
planet has received the name of Circe. 

On the 19th of April, 1855, Dr. Luther at- Bilk, dis- 
covered a new planet of the eleventh magnitude, and on 
the following day, the notice was communicated by tele- 
graph to the editor of the A.stTonomisclie Nachrichten. On 
the 21st it was detected both at the Hamburg and Bonn 
•observatories. At the request of the discoverer. Dr. 
Peters and M. Rumker gave to the planet the name 
Leucothea, the protectress of sailors. This planet is one 
of the most distant of the group of asteroids. 

On the 5th of October, 1855, M. G-oldschmidt at Paris, 
discovered a new planet equal in brightness to a star of 
the eleventh or twelfth magnitude. This new planet has 
received the name of Atalanta, and the eccentricity of its 
orbit appears to bo greater than that of any other member 
of the planetary system except Polymnia, and Leda. 
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On the same evening with the preceding, and nearly 
at the.same hour, the thirty-seventh asteroid was discov- 
ered by Dr. Luther at Bilk. It appeared like a star of 
the tenth magnitude, and oh the following day the dis- 
covery was communicated by telegraph to the editor .ctf 
the Nachrichten. On the 7th it was seen both at Altona 
and Hamburg. This planet has received the name of 
Bides. . 

Oh the evening of the 12'th of January, 1856, M. Cha- 
comao, at the Paris observatory, .discovered a new planet 
eq[ual in brightness to a star of the ninth or tenth magni- 
tude. • This planet has received the name of Leda. 

On the 8th of February, 1856, M. Ohacornac, of the 
Paris observatory, discovered a new planet, being the 
thirty-ninth asteroid, and equal to a star of the eighth or 
ninth magnitude. This planet has received the name of 
Lastitia. 

On the 81st of March, 1856, a new planet, being the for- 
tieth asteroid, was discovered at Paris by M. Hermann 
Goldschmidt; and on the 6th of April it was observed 
both at Altona and Hamburg. It appeared like a star of 
the ninth or tenth magnitude, and has been , named Har- 
monia. ■ , 

On reviewing the preceding sketch, we find that Mr. 
Hind, of London, has been the first discoverer of ten as- 
teroids; M. de Gasparis of seven; Mr. Luther of five; 
M. Ohacornac of five; M. Goldschmidt of four; while 
Olbers and Hencke, have each discovered -two. We also 
see that, in several instances, the same asteroid has been 
independently discovered by more than one astronomer. 
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Among all the astronomers of the present or any former 
age, Mr. Hincl stands pre-eminent for his success in the 
discovery of new planetary bodies. These discoveries 
were all made at the private observatory of George 
Bishop, Esq., which was erected in the year 1836, in 
Eegent’s Park, London. The principal instrument of 
this observatory is an equatorial telescope, constructed- 
by Mr. Dollond, of London, and equipped on the plan 
known as the English mounting. The solar focus of the 
telescope is ten feet ten inches, and the clear aperture of 
the object-glass seven inches. The circles are three feet 
in diameter ; the hour circle reading by verniers to single 
seconds of time,, and the declination circle to ten seconds 
of .arc. This instrument is driven by clock-work ; this 
part of the machinery in particular being- very elaborately 
worked. The telescope is provided with a series of mag- 
nifying powers up to 1200. * . 

In the year 1844, Mr. Bishop secured the services of J. 

, E. Hind, Esq., then an assistant in the magnetioal depart- 
ment of the Eoyal Observatory, Greenwich, where he 
had already distinguished himself by the zeal and ability 
with which, in addition to his ordinary duties, which 
were severe, he devoted himself to the labor of ob- 
serving comets, and calculating the elements of their 
orbits. 

Almost from the time of Mr. Hind’s appointment, the 
observations took that character for which his talents 
peculiarly fitted him, viz., the search of the heavens for 
new comets, planets, etc. His labors were almost im- 
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mediately rewarded witli success. Two comets were dis- 
covered in 1846, and another in 1847, the latter of which 
became visible' at noonday, when near its perihelion, 
and for which the King of Denmark’s gold medal was 
awarded. 

The search after small planets lying between Mars and 
Jupiter was still more successful. His plan for detecting 
them was to observe and map all the stars down to the 
eleventh magnitude for several degrees on each side of 
the ecliptic, and then by a subsequent observation noting 
whether any of them seemed to have changed its place, 
this being the only planetary characteristic observable. 
For the discoveries of Iris and Flora in 1847, a prize on 
the Lalande foundation was received from the Academy 
of Sciences at Paris in April, 1850 ; and in February, 1853, 
he received the gold medal of the Eoyal Astronomical 
Society of London for his numerous astronomical dis- 
coveries, and in particular for his discovery of eight small 
planets. 

i'he rapid discovery of thirty-six new asteroids, after a 
barren interval of almost forty years from the discovery 
of Vesta, is calculated to excite surprise phut it is ex- 
plained by the diminutive size, of the new planets, and 
the great increase in the' number of observers, as well as 
the use of more powerftd instruments. Vesta appears 
like a star of the sixth magnitude, Pallas, of the seventh, 
while Ceres and Juno are of the eighth. Of the thirty- 
six asteroids more recently discovered, none of them, if 
we except perhaps Iris, Flora, and Lffititia, are larger 
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than the ninth magnitude, while several are as small as 
the tenth, and three or four scarcely, if ever, rise as high 
as the tenth magnitude. The reason that Olbers was not 
more successful in his search was, that he employed a 
telescope of too feeble power, and did not extend his ex- 
amination beyond stars .of the eighth magnitude. 

Some may conclude that the number of asteroids now 
known is so great, that the discovery of additional ones 
is a matter of. no interest, and is imworthy the attention 
of astronomers. We regard the question in a very dif- 
ferent light. If only one planet had hitherto been dis- 
covered between Mars and Jupiter, our idea of the sim- 
plicity and perfection of the solar system would have 
been satisfied, and there might have been found ingenious 
minds attempting to prove by d priori reasoning that no 
other planets could possibly exist, unless beyond the 
limits of the orbit of Neptune. But our theory of the 
solar system, although apparently simple, would not have 
been the true theory. Every new discovery shows the 
sol^r system to be more complei than we had supposed ; 
and unless we prefer error (provided it has a show of 
simplicity) to truth, when it appears to our view complex, 
we shall value every new discovery in the solar system, 
because it promises to conduct us nearer to the true 
theory of the universe. Every new asteroid which is 
discovered, is a new fact to be explained. It presents a 
new test by which every theory is to be tried. If our 
theory be false, it is probable that some of these facts may 
be shown to be inconsistent with it. When the number 
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of known facts is small, they may all frequently be ex- 
plained by different and conflicting theories. As the 
number of known facts increases, some of them will 
probably be found inconsistent with one or the other of 
the theories, until at last we reach a fact — the true experi-* 
mentum crucis — which is inconsistent with every theory 
but one. Thus the true philosopher, instead of regarding 
the rapidly increasing number of asteroids with indiffer- 
ence, will watch each new discovery with growing inter- 
est, in the hope that it may furnish the key to the true 
theory of the solar system. 

The following table exhibits a summary of the prin- 
cipal elements of forty asteroids. Column first -shows 
the number of each planet in the order of its dis- 
covery ; column second the name of the planet ; column 
third shows the average distance from the .sun (the dis- 
tance of the earth from the sun being taken as unity) ; 
column fourth shows the number of days required to 
make one revolution about the sun ; column fifth shows 
the eccentricity of the orbit, or the quantity by which it 
departs from the form of a circle; column sixth shows 
the number of degrees by which the plane of the orbit is 
inclined to the orbit of the earth ; column seventh shows 
the position of the line in which the plane of the orbit 
intei sects the orbit of the earth; and the last column 
shows the position of that point of the planet^s orbit 
which is nearest the sun. 

The existence of forty planets revolving round the sun 
at distances closely allied to each other, and differing 
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. ELEMENTS OF THE ASTEEOIDS. 


No. 

• Na,mb. 

Distance 
from sun. 

Time of 
revolution 
in days. 

! 

Eccen- | 
tricity, j 

Inclination. ! 
of orbit 1 

Long, of 1 
ascending i 
node. 1 

Long, of I 
perihelion, j 

1 

Ceres 

2.'766 

1680 

0.079 

11° 

81° 

150° 

2 

Pallas 

2.770 

1683 

.239 

35 

173 

122 

3 

Juno 

2.668 

1692 

.266 

IS 

171 

54 

4 

Vesta. 

2.361 

1325 

.090 

7 

103 

261 

5 

Astrsea 

2.57t 

1511 

.189 

6 

141 

136 

6 

Hebe 

2,426 

1379 

,.202 

16 

139 

15 

1 

Iris 

2.386 

1347 

.231 

6 

260 

41 

8 

Flora 

2.201 

1193 

.157 

6 

110 

33 

9 

Metis 

2.386 

1346 

.123 

6 

68 

72 

10 

Hygeia 

3.149 

2041 

.101 

4 

288 

227 

11 

Parthenopo 

2.448 

1399 

.098 

5 

125 

317 

12 

■Clio ... ... . . 

2.335 

1303 

.046 

8 

235 

302 

13 

Egeria ■ 


1512 

.085 

17 

43 

120 

14 

Irene 

2.684 

1518 

.169 

9 

187 

179 

15 

Eunomia 

2.643 

1570 

.188 

12 

294 

28 

1.6 

Psyche 

2.933 

1835 

.131 

3 

161 

11 

11 

Thetis 

2.484 

1430 

.131 

6 

125 

259 

18 

Melpomene 

2.294 

1269 

.215 

10 

150 

16 

19 

l^ortuna 

2.444 

1396 

.159 

2 

211 

31 

20 

Massilia 

2.401 

1359 

.145 

1 

207 

99 

21 

Lutotia 

2.434 

1387 

.162 

3 

80 

327 

22 

Calliope 

2.912 

1815 

.104 

14 

67 

69 

23 

Thalia 

2.646 

1571 

.240 

10' 

68 

123 

24 

ThemLs 

3.144 

2037 

.123 

1 

36 

135 

26 

Phocea 

2.401 

1359 

.253 

22 

214 

303 

26 

Proserpina 

2.666 

1680 

.088 

4 

46 • 

236 

21 

Euterpe 

2.347 

1313 

.174 

2 

94 

87 

28 

Bellona 

2.776 

1689 

.156 

9 

145 

122 

29 

Ampliitrite 

2.662 

U89 

.067 

6 

356 

48 

30 

Urania. 

2.366 

1329 

.126 

2 

308 

31 

31 

Euphrosyne 

3.156 

2048 

.216 

26 

31 

94 

32 

Pomona. . . . ; 

2.683 

1516 

.083 

5 

221 

195 

33 

Polymnia , 

2.866 

1772 

.,337 

2 

9 

341 

34 

Circe 

2.673 

1596 

.114 

6 

184 

158 

35 

■Leucothea • . 

2.974 

1873 

.216 

8 

356 

198 

36 

Atalanta 

2.767 

1672 

.300 

19 

369 

43 

sr 

Pidos 

2.664 

1580 

.180 

3 

8 

66 

38 

Leda 

2.636 

1663 

.326 

6 

296 

127 

39 

Lsetitia 

2.768 

1682 

.116 

10 

157 

1 

40 

Harmonia 

2.264 

1236 1 

i ■ I 

,289 

6 

84 

14 

1 


from all the other planets in their diminutive size, is one 
of the most singular phenomena in our solar system. 
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This fact will appear the more striking if we draw a 
diagram representing the orbits of all the known planets 
in their proper proportions. We shall find that while 
the orbits of Mercury, Yenus, the , Earth, and Mars are 
quite detached from each other, and the orbits of J upiter, • 
Saturn, Uranus, and Ueptune are separated by intervals 
which the imagination can with difSculty grasp, between 
Mars and Jupiter is a cluster of bodies whose orbits are so 
interlaced as to suggest the apprehension of frequent and 
inevitable collision. 

The diagram on the following page represents the or- 
bits of nine of these* small planetary bodies, designed to 
be selected so as to afford a tolerable specimen of the 
whole. The other thirty-one orbits are omitted, to avoid 
the confusion of so many lines in a single diagram. In 
one respect this representation is calculated to convey an 
erroneous impression. All the orbits are represented as 
situated in the same plane, .whereas, in reality, no*two of 
them are situated in the same plane. These planes all 
pass through the sun, and are inclined to the earth^s orbit 
in angles indicated in column sixth of the preceding 
Table. One half of each orbit must therefore be helow 
the earth’s orbit, and the other half alove it ; and fti order 
to indicate as fully as possible the actual position of these 
orbits, the portion which falls below the plane of •the 
earth’s orbit is indicated by a dotted line, while the re** 
mainder is indicated by a continuous black line. These 
orbits, then, do not really intersect each other as repre- 
sented in the diagram. Indeed, no two of the planetary 
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orbits intersect, altbougb some uf tliem approacb within 
moderate distances of each other. The orbit of Fortuna 
approaches the orbit of Metis within less than the Moon’s 
distance from the earth. The orbit of Massilia approaches 
almost equally near the orbit of Astraea, and the orbit of 
Lutetia to that of Juno. * 



It is evident, then, at a glance, that these forty small 
planets sustain to each other a relation different from that 
of the other members of the solsir system^ We see a 
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family like];iess *rnniiing througli the entire gronp, and it 
naturally suggests tlie idea of a common origin. This 
idea, as has been already stated, occurred to the mind of . 
Olbers after the discovery of the second asteroid, and led 
to his celebrated theory that all these bodies originally 
constituted a single planet* which had been broken into 
fragments by the operation of some internal force. Have 
we any means of testing the soundness of this theory? 

If the earth should be broken into fragments by the 
operation of some internal force (such, for example, as 
that which causes the eruption of a volcano,) the frag- 
ments might be projected in various directions, and with 
very unequal velocities ; but each would describe an 
ellipse of which the sun would occupy one of the foci — 
if we except the extreme but possible case of a fragment 
projected with such a velocity as to carry it beyond the 
limit of the sun’s attraction. Leaving out of^ view the 
disturbance arising from the mutual attraction of the 
•planets, which produces only minute effects, each frag- 
ment would continue to describe the same ellipse in its 
successive revolutions about the sun ; , in other words, 
these ellipses would all have a oow/niou of ifiteTsectioTi, 

The same conclusion must hold true for the asteroids, 
according to the theory of Olbers. The question then 
arises, have the orbits of the asteroids a common point 
of intersection ? A single glance at the above diagram 
will settle this ' question in the negative.. But Olbers 
replies that the orbits of the planets are disturbed by 
their mutual attractions. These orbits should onginally 
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liave had a common point of intersectioHj hut at each 
revolution they suj9fer a slight displacement, until, in the 
lapse of time, the position of the orbits has become so 
completely changed as to show scarcely a trace of their 
original interseotion. -Is such a result possible? A few 
simple considerations will satisfy us that if the orbits of 
the asteroids ever had a common point of intersection, 
such a result must have belonged to a period of time 
indefinitely remote. 

The line in which the plane of the planet’s orbit in- 
tersects some other plane selected for common reference 
is called technically the line of the nodes. If the asteroid 
orbits had ever a common point of interseotion, all the 
nodal lines upon one of the orbits must have coincided. 
Now, as two of the asteroid orbits are inclined less than 
one degree to the earth’s orbit, we will, for greater con- 
venience, employ the latter as the- plane of reference. 
By referring to our table on page 83, it will be seen that 
the ascending nodes of the asteroids are distributed, 
though unequally, through the ♦four quadrants of the 
circle. Twelve of them lie in the first quadrant, thirteen 
in the second, eight in -the third, and seven in the 
fourth. The nodes of all the planetary orbits are in 
constant motion, but the motion for a single year is 
extremely small. The annual motion of the node of 
Mercury is ten seconds; that of Venus twenty seconds ; 
Mars twenty -five seconds, etc. The nodes of the aster- 
oids, as fa% as the computation has been made, move at 
somewhat similar rates ; the most rapid motion known 
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being about fifty, seconds a year. If we suppose tlie 
nodal lines of all these orbits to move steadily toward 
each other, it would require in some of them a motion of 
fifty seconds a year, continued for more than 6000 years, 
to bring them to a coincidence. 

It should also be observed, that not only must the 
nodes of all the asteroids coincide, but the distance of 
the planets from the sun must be the same at that instant. 
Now the distances of these planets from the sun, when at 
their nodes, differ by more than a hundred millions of 
miles ; so that to bring them all together requires some- 
thing more than a change in the position of the nodes. 
,We may bring about a coincidence, in the case of some 
of the asteroids, by supposing the longer diameter of the 
elliptic orbit to change its position in the plane of the 
orbit. Such a change does really take place in the case 
of every planetary orbit, but with none of the larger 
planets does it exceed twenty seconds a year. This mo- 
tion for the asteroids, so far as it has been computed, is 
somewhat more rapid,* amounting, in one instance, to 
seventy seconds a year ; but even with this motion, it 
would require the lapse of five ^thousand years to bring 
about an intersection in the case of many bf the asteroid 
orbits. "When now it is remembered, that in order to 
give a common point of intersection to these forty orbits, 
all the nodal lines upon one of the orbits must coincide, 
and at the same instant all the distances from the sun 
must be equal to each other, we must be |»epared to 
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admit tliat sucli an occurrence could only liaye taken 
place myriads of years ago. 

The preceding difficultiesj however, are small in com- 
parison with another which remains to be stated. The 
orbit of Hygeia completely incloses the orbit of Flora 
(and indeed several other orbits), and would still inclose 
them, although the greater diameter of’ each of. them 
were revolved through an entire circumference, since the 
least distance of Hygeia from the sun exceeds the greatest 
distance of Flora. The same is true of Themis, as com- 
pared with Flora and several other orbits. The least 
distance of Hygeia from the sun exceeds the greatest 
distance of Flora by more than twenty-five millions of 
miles. In order to render an intersection of these orbits 
possible, we must suppose a great variation of the ec- 
centricity. But the change of the eccentricity of the 
planetary orbits is exceedingly slow, and the present rate 
.of increase of the eccentricity of Vesta must be Con- 
tinued twenty-seven thousand years to render the aphelion 
distance of that planet equal to the perihelion distance 
of Hygeia. Moreover, the eccentricity of the orbit of 
Vesta is now increasing ^ which implies that in past ages 
the interval between Vesta and Hygeia must have been 
greater than it is at present; whence the conclusion 
seems irresistible, that the orbits of Vesta and Hygeia 
can not have intersected for several myriads of years* 
When the secular Variations of the elements of each of 
the asteroids have been computed, astronomers will be 
able to assign a limit of time beyond which the inter- 
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section of all tHe asteroid orbits must bave occurred, if, 
indeed, sucb an intersection eyer took place. The dis* 
coyery of many of these bodies is so recent that, as yet, 
there has not been sufficient time for such a computa- 
tion ; but, from what we already know, We hazard little 
in yenturing the opinion that, when this computation 
shall be made, it will appear,, that if the asteroid planets 
ever composed a single body which exploded, as Olbers 
supposed, such. explosion must haye occurred myriads of 
years ago. Indeed,- the discoyery of such a host of aster- 
oids seems to haye stripped the theory of Olbers of 
nearly all the plausibility it possessed when it was orig- 
inally proposed ; and it would seem hardly less rdlison- 
able to suppose that the Earth and Venus originally con- 
stituted one body, than to admit the same for the forty 
asteroids. 

But if we reject the theory of Olbers, what do we 
cQnclude? That the asteroids bear no special relation- 
ship to each other ? Do they not all clearly indicate' a 
family resemblance ? And if so, how do we accbunt for 
this relationship ? . 

There are seyeral reasons for belieying in some pe- 
culiar relationship between the asteroids. 

1. Unlike the other planets of our system, they are 
all of diminutive size— the largest of them hardly ex- 
ceeding one dr two hundred miles in diameter. M. Le 
Verrier, after a close examination of the nature and 
amount of the influences exerted by the entire group' 
of asteroids upon the nearer planets, Mars and the Earth, 
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Ilsis Arrived Q.t tlio conolusioii tire, snrti totcil of tlie 
matter constituting the small planets situated hetween 
the mean distances 2-20 and 3-16 (including undiscovered 
as well as known asteroids), can not exceed about one 
fourth of the mass of the earth, ^ 

2. The asteroids in tlieir position occupy a zone en- 
tirely distinct from tlae other planets of the solar system. 
Between the orbits of Jupiter and Saturn— between 
Saturn and Uranus — is an immense interwal, furnishing 
space enough for a host of little bodies to circulate around 
the sun 5 but in not a solitary instance has any such body 
been found, except between Mars and Jupiter., Some 
may attempt to account for this circumstance by saying 
that astronomers have long been . watching exclusively 
tliis portion of splice, and have left all other regions 
entirely unexplored. A.n exploration, conducted upon 
such a principle, is simply a physical impossibility. If 
■ there were a sn;iall .planet between the Earth and Mars, 
it would have stood the same chance of detection, in the 
explorations of the past ten years, as if it were situated 
between Mars and Jupiter; and, indeed, it would have 
stood a better chance of detection, inasmuch as it would 
appear of greater brightness on account of its proximity 
to us. If there were a small planet circulating between 
Jupiter and Saturn, it would have stood the same chance 
of detection as if it had been placed this side of Jupiter, 
except that it would appear somewhat fainter on account 
of its increased distance. The fact that we have dis- 
covered forty small planets between Mars and Jupiter, 
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and not a solitary one in any otlier portion of the solar 
system, points to something sjoecial in this region of the 
heayens. In other words, we have discovered a limited 
zone of little planetary bodies, and have not been able 
to discover a single body of the same class situated out 
of this zone. 

o. The orbits of these little bodies present some special 
peculiarities. 

If we refer, to the table on page 83, we shall perceive 
that the perihelia of the orbits are not distributed uni- 
formly through the zodiac. In the first quarter of the 
zodiac we find seventeen perihelia, in the second quarter 
twelve, in the third quarter six, and in the fourth quarter 
five. The ascending nodes of the orbits are distributed 
with greater uniformity. Thus, in,* the first quadrant 
we find twelve nodes, in the second thirteen, in the third 
eight, and in the fourth seven. 

T he greatest inclination in the case ol* any of the larger 
planets is seven- degrees; but the inclinations of the 
orbits of the asteroids range firom near zero to thirty- 
five degrees, the inclination of seventeen of the orbits 
exceeding seven degrees. The greatest eccentricity in the 
case of any of the large planets is one fifth; but the 
eccentricities of the orbits of the asteroids range from 
near zero to one third. 

4. But the most striking peculiarity of these orbits is, 
that they all lock into one another like the links of a 
chain, so that if the orbits are supposed .to be represented 
materially as hoops, they all hang together as one system. 
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The orbits of Hygeia and Themis, being the largest of 
all the orbits, completely inclose nearly all of them, and 
lock into but a small number ; while the orbits of Mas- 
silia, Astrsea, Pallas, etc., lock into nearly all of the 
orbits ; so that if we take hold of the. orbit of Hygeia 
(supposed to be a material hoop), it will support *the 
orbits of Iris, Thalia, Calliope, and two or three oth'eTs, 
while these in turn lock into , and support all the rest! 
Indeed, if we seize hold of any orbit at random, it will 
drag all the other orbits along with it. This feature of 
itself sufficiently distinguishes the asteroid orbits from all 
the other orbits of the solar'system. 

H we reject the theory that ‘these asteroids were 
orijjinally united in one solid body, it seems nevertheless 
difficult to avoid the conclusion that similar causes have 
operated in determining the orbits of this zone of planets. 

It IS impossible to assign any cause for these resem- 
blances without adopting some theory respecting the origin 
of the solar system. The theory of gradual condensa- 
tion, as developed by Laplace in the nebular hypothesis, 

affords at .least a plausible explanation of these phe! 
nomena. 

Laplace supposed that the matter composing the bodies 
of our solar system originally existed in the condition of 
an immense nebula, extending beyond the limits of the 
most distant planet— that this nebulous mass had an ex- 
ceedingly elevated temperature, and a slow rotation on 
its axis— that the nebula gradually cooled ; and as it con- 
tracted in dimensions, its velocity of rotation, according 
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to tte 'principles of mechanics, increased, until the cen- 
trifagal force arising from the rotation became equal to 
the attraction of the central mass for the exterior zone, 
when this zone necessarily became detached from the 
central mass. As the central mass continued to contract 
in its dimensions, and its velocity of rotation continued to 
increase, the centrifugal force again became equal to the 
attraction of the central mass for the exterior zone, and a 
second zone was detached. Thus, a number of .zones of 
nebulous matter were successively detached, until, by 
condensation, the central mass became of comparatively 
small dimensions and great density. 

The zones thus succe&ively detached would form con- 
centric rings of vapor, all revolving in the same direction 
round the sun. If the particles of each ring continued to 
condense without separating from each other, they would 
ultimately form a liquid or a solid ring. But generally 
each ring of vapor would break up into separate masses, 
revolving about the sun with velocities slightly dijBfering 
from each other. These masses would assume a spheroidal 
form; that this, they would form planets in the state of 
vapor. But if one of these masses was large enough to 
attract each of the others in succession to itself, the ring 
of vapor would be converted into a single .spheroidal 
mass of vapor, and * we should have a single planet of 
great mass for each zone of vapor detached. But if no 
one of these masses had a preponderating size, they would 
all continue to revolve about the sun in independent 
orbits, and would form a zone of little planets, such 
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as we liaye actually discovered between Mars and Ju- 
piter. • ' ’ ■ ' 

With regard to the actual number of bodies belonging 
to this zone of planets, we can do little more than con- 
jecture. Already we have one asteroid of the sixth 
magnitude, one of the seventh, five of the eighth, nineteen 
of the ninth, and fourteen of the tenth or eleventh. 
It would require 400 bodies as large as the largest of 
the asteroids to make a body one fourth of the size of the 
earth; and, according to Le Verrier, the sum of all the 
asteroids can not exceed this limit. When we consider 
the shortness of the period during which stars below the 
eighth magnitude have been systematically observed, we 
see room for the discovery of several more planets of the 
ninth magnitude, and perhaps three or four hundred more 
of inferior dimensions. ■ 



t 



SECTION III. 

THE DISCOVERY OE AH EIGHTH SATELLITE OE SATURH 

Satueh has long been known to be attended by seven 
satellites. If we number these satellites in the order of 
their distances from the primary, the sixth was discovered 
by Huygens in 1655, the seventh by Cassini in 1671, the 
fifth by the same in 1672, the third and fourth also by 
Cassini in 1684. The first and second were discovered 
by Dr. Herschel in 1789. The five satellites first dis- 

I# ■ “ ■ 

covered may be seen by a ten feet achromatic ; ‘ but the 
two interior satellites' can only be seen by a very power- 
ful telescope. Sir John Herschel, at the Cape of Q-ood 
Hope, in 1836 and 1837, repeatedly ob^rved the second 
satellite with his reflector of 18 inches aperture ; and in 
one instance only, he caught a glimpse of a point of light, 
which' he suspected to be the first satellite. Mr. Lassell, 
with his large refleotor, obtained three observations of the 
first satellite, in 1846. Sir John Herschel has proposed 
to distinguish these satellites by proper names, as fol- 
lows : — 

1 . Mmas, which makes its revolation ia Od. 22 h. 36 m. 

2 . Enoeladus, “ “ 18 63 

3 . Tethys, . , “ » 1 21 18 

4 . Dione, “ ■< 2 IT 44 

6. Ehea, “ “ 4 12 25 

6 . Titan, “ » 15 22 41 

T. lapetus,- “ « T 9 T 64 
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During tlie year 1848, this planet "was subjected to the 
most rigid scrutiny, in consequence of the disappearance 
of its ring, it being presented edgewise to the sun; and 
on the 16th of September, an eighth satellite was dis- 
covered by the Messrs. Bond of Cambridge, Maaa The 
following is Mr. Bond’s account of the discovery, “ On 
the evening of September 16th, we noticed a small star 
situated nearly in the plane of Saturn’s ring, and between 
the satellites Titan and lapetus. This circumstance was 
at that time regarded as accidental; nevertheless, the 
position of the star,, with respect to Saturn, was recorded. 
The next night favorable for observation was the 18th. 
While comparing the relative brightness of the satellites, 
we again noticed the same object, similarly situated with 
respect to the planet, and we carefttlly observed its posi- 
tion. But up to this moment, its real nature was scarcely 
suspected. Measures, carefully made during the evening 
of the 19th, having proved that the -star partook of the 
retrograde motion of Saturn, we studied that part of the 
heavens toward which the planet was moving. Bach of 
the stars which it was expected to approach during the 
two following nights was marked upon a chart, and 
micrometric measurements fixed its position and distance 
with respect to neighboring objects. 

“The evening of the 20th was cloudy. 

“ On the 21st the new satellite had approached the 
planet, and it sensibly changed its position with respect to 
the stars during the time of observation. Similar obser- 
vations were repeated on the nights of the 22d and 23d.” 

6 
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On tlae IStli of September, tbe same object was ob- 
served by Mr. Lassell, of liverpool. Tbe following is 
Mr. Lassell’s account of tbe discovery. “On tbe 18th, 
while I was attentively examining tbe planet Saturn, I 
was struck with tbe appearance of two stars situated on 
tbe line of tbe interior satellites. I supposed that one of 
them, wiiicb I shall designate by c, was tbe most distant 
satelbte, and tbe other, wbicb I shall designate by x, a 
fixed star. In order to prepare myself for tbe subsequent 
observations, I rifede a careful map of its position with re- 
spect to some fixed stars in its vicinity, one of wbicb I 
shall designate by a. 

“ On the i9tb I was surprised to find that the two 
stars, c and x, already mentioned, bad receded from tbe 
fixed star a, x remaining exactly on tbe line of tbe satel- 
btes, but appearing to have approached the planet; while 
c, although it followed Saturn, bad passed to tbe north of 
tbe plane of the orbits of tbe interior satellites. 

“ This appearance suggested tbe idea that x must be a 
new satellite, and c lapetus. In order to verify this con- 
jecture; I took tbe difference of right ascension between 
!c and a, and between c and Cl. The result showed that 
in 2b. 36m, x had- moved to the west of a by 2s. 47 : and 
that in lb. 24m, c bad moved Is. 27 to the west of a; 
which clearly proves that the two stars x and c were in 
motion. I measured twice at an interval of four hours, 
the distance of x from the line passing through tbe in- 
terior satelbtes, and satisfied myself that during this in- 
terval, the distance experienced no sensible change. As 
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the motion, of Saturn toward the south was 18" in 4 
hours, it would plainly have left the point x behind, if it 
had been a fixed star. The conclusion is inevitable ; x 
is a satellite hitherto undiscovered. This is explained by 
its being a very faint object, even in my telescope of 24. 
inches aperture; and it may experience variations of 
light, which render it invisible in some parts of its orbit. 

“ I obtained two other observations of the satellite on 
the 21st and 22d. In the former case, the elongation to 
the east of the planet was 3' 54"; and in the latter 8' 27" ; 
the star followed sensibly the line of the interior 
satellites.” 

Thus it appears that a most important discovery was 
, made independently and almost simultaneously on op- 
posite sides of the Atlantic— but Mr. Bond has an 
unequivocal priority of iwo days. This is the first ad- 
dition to our planetary system made by an American 
astronomer. The orbit of the new satellite lies between 
Titan and lapetus, and serves to fill up a large chasm 
before existing. It is fainter than either of the two 
interior satellites discovered by Sir WiUiam Hersohel. 
Its time of revolution is about 21d. 4h. 20ra. ; its semi- 
axis at the mean distance of Saturn 214", indicating a 
real distance of about 940,000 miles, and Messrk Bond 
and Lassell have concuired in giving it the name of 
Hyperion. 

It will be observed that there is stiU a large gap 
between Hyperion and lapetus, rendering it not improb- 
able that other satellites yet remain to be discovered. 



SECTION IV. 

ON THE SATELLITES OF tJBANUS. 

Ubanus was discovered to be a planet by Sir William 
Herscliel in 1781, and in 1787 be discovered two satelbtes, 
whose periods were satisfactorily determined by bis sub- 
sequent observations. In 1797 be announced tbe dis- 
covery of four additional satelbtes, viz., one witbin tbe 
orbits of botb tbe former two ; one intermediate between 
tbe two ; and two exterior to botb of tbem,* but tbe 
periods of these satellites be acbaowledged to be very 
uncertain. In bis last paper on tbis subject, commu- 
nicated to tbe Eoyal Society in 1815, be says, ‘‘that there 
are additional satellites, besides tbe two principal larger 
ones, I can have no doubt ; but to determine their number 
and situation, will probably require an increase of iUum- 
inating power in our telescopes.’^ 

In 1884, Sir John Herscb^ published a paper contain- 
ing a thorough discussion of bis' father’s observations, 
together with bis Own, upon tbe two satellites first dis- 
covered; and be adds, ‘‘ of other satellites than these 
two, I have no evidence.” 

In the year 1838, Dr. Lament, of Munich, published a 
few observations of the two brighter satellites of Uranus, 
and states that be had seen only one additional satellite, 
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and that but in a single instance. This satellite he con- 

adered to be the most remote of the six enumerated by 
Hersctel. 

_ With the exception, therefore, of the solitary observa- 
tion of Dr. Lamont, the only evidence we have had (until 
receptly) of the existence of more than two satellites 
of Uranus 'was derived from the observations of 
Sir William Herschel; and he would not pronounce a 
decided opinion as to their number or their periods of ' 
revolution. 

At last, in the autumn of 1847, Mr. Lassell, of Liver- 
pool, and M. Struve, at Pulkova, obtained uneq^uivocal 
evidence of the existence of a, third satellite. The orbit 
of this satellite was evidently smaller than that of either of 
the two bright ones; yet the .period indicated by Lassell’s 
observations did not agree with that deduced by Struve ; 
and both differed from the interior satellite of Sir 
Wilham Herschel. While Lassell’s observations in- 
dicated^ a period of about two days, Struve deduced 
from his observations a period of four days; and the 
tune assigned by Herschel to his interior satellite was 
nearly six days. Thus the question seemed involved in 
total confusion, and the honest enquirer might well be 
puzzled to decide, whether there existed three satellites, 
or only one, interior to the two brighter ones. 

In the autumn of 1851, Mr. Lassell succeeded i^ 
settling this vexed question. On ten different nights in 
the months of October, November and December, he saw 
simultaneously four satellites, and recorded their positions. 
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The intervals were so short as to enable him to identify 
each satellite without danger of mistake. These sat- 
ellites were the two brighter ones discoYered by Her- 
schelj and two interior ones, whose periods are about 
two and four days respectively. 

In the autumn of 1852, Mr. Lassell transported his 
telescope to the island of Malta, in the Mediterranean, 
for the purpose of securing the advantage of a lower 
latitude and a purer sky, and here he succeeded in obtain- 
ing a very complete series of observations of the satellites 
of Uranus. The nearest satellite was observed on 24 
different nights ; the second satellite on 23 nights ; and 
the two brighter satellites bn 26 nights. By combining 
these observations with those of 18d7 and 1851, we are 
able to assign the dimensions of their orbits and their 
periods of revolution with great precision.. The period 
of the nearest satellite is 2.520345 days or 2d. 12h. 29m. 
20s. 66.' The period of the second satellite is 4.144537 
days; or 4d. 3h. 28m. 8s. 00. ' • 

Brom the combination of aU the observations between 
1787 and 1848, Mr. Adams has determined the period 
of the third satellite to be 8d. 16h/56m. 24s. 88 ; and in 
the same manner he has determined, the period of the 
fourth satellite to be 13d. llh. 6m. 55s. 21. 

let us now examine the observations of Sir William 
Herschel, and see what light is -shed upon them by the in- 
formation recently obtained. There are four instances 
in which he observed what he called “an interior 
satelhte.” • 
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On tlie IStli of January, 1790, lie recorded an object 
^^excessively faint, and only seen by glimpses — two 
diameters of the planet following.” 

On the 27tli of March^, 1794, lie recorded as follows : 

I bad many glimpses of small stars or supposed satel- 
lites, but not one of them could I see for any constancy. 
They were only lucid glimpses.” 

On the 15th of February, 1798, an interior satellite 
was seen about its greatest northern elongation, between 
the planet and the second satellite. On the 16th the 
place where the satellite had been the day before was 
scrupulously examined, and as there was no star remain^ 
ing in that place, the removal of the interior satellite 
from its former position was ascertained. 

On the 17th of April, 1801, the interior satellite was 
seen about its greatest southern elongation. On the fol- 
lowing night, no star was visible in the same position* 

It must be considered doubtful whether in 1790 and* 
1794, Sir Wilham Herschel really saw an* interior satel- 
lite* The observations of 1798 and 1801 appear to be 
more reliable ; but the interval between these ob- 
servations does not correspond very well with the motion 
of either the first or second satellite of LasselL It is 
possible that one of these observations may have been 
made upon the first satellite, and the other upon the 
second. 

In one instance Sir William Herschel saw what he 
called an intermediate satellite. 

On the 26th of March, 1794, a supposed satellite was 
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seen more tlian two hours. On the following eyening 
it was gone from the place where he had seen it the 
night previous. 

There are five instances in which Herschel observed 
what he called an exterior satellite.’^ 

On the 9th of February, 1790, a, supposed third satel- 
lite was remarked in a line with the planet and the 
second satellite, and about twice the distance of the 
second satellite. On the 12th the supposed satellite of 
the 9th was not in the place where it was then seen. 

On the 31st of January, 1791, a satellite was observed 
in opposition to the second, and at about double the dis- 
tance from the planet. 

On the 26th of February, 1792, a star toward the south, 
at double the distance of the first satellite, was pointed 
out, but it has not been accounted for in succeeding 
observations. 

On the 6th of March, 1796, Herschel recorded, I sus- 
pected, a very small star between o and \ which was not 
there last night. I had a pretty certain glimpse of it. 
With 600 I see the satellite c better than before, but can 
n.ot perceive the suspected small star.’^ 

On the 11th of February, 1798, an exterior satellite 
was observed, and its situation measured. 

There are four instances in which Herschel observed 
what he called “ the most distant satellite.” 

On the 28th of February, 1794,- Hers(^hel remarked a 
very small star which he did not see on the 26th. 

On the 27th of March, 1794, he obtained lucid 
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glimpses of some stars south, hut not one of them could 
he see for any constancy. 

On the 28th of March, 1797, he ohseryed an ex- 
cessively small star about four times the distance of 
the second satellite, which he did not rememher to have 
seen on the 25th. 

On the 16th of Tebruary, 1798, a very faint satellite 
was observed, and from its distance was supposed to be a 
little before or after its greatest southern elongation. It 
was so faint that a small alteration in the clearness of the 
air rendered it invisible. On the 18th this satellite was 
seen again, and being nearer the planet than it was on tbe 
16th, it was supposed to be on its return from the greatest 
southern elongation. It was also ascertained on tbe 18tb 
that it had left the place where it was seen on the 16th. 

On the strength of the preceding observations it has 
been generally admitted that Uranus has six satellites; 
but Mr. Lassell, during his residence at Malta, carefully 
scrutinized the neighborhood of the planet to the distance 
of five minutes fi-om his center, for the discovery of satel- 
lites. In the course of this scrutiny, he made many 
measurements and diagrams of the positions of small 
points of hght, which all turned out to be stars, and he 
adds, “I can not now resist the conviction, amounting in- 
deed in my own mind to certainty, that Uranus has no 
other satellites (except four) visible with my eye and optical 
means. In other words, I am fully persuaded that either 
he has no other satellites than these four, or if h© has, they 
remain yet to be discovered.” 
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The folio-wing diagram represents the apparent orbits 
of the four satellites of Uranus for November, 1852. 
The major axes of all the orbits are nearly perpendicular 
to the ecliptic. The minor axis of each of the apparent 
orbits is about three quarters of the major axis, but the 
true orbits of the satellites differ very little from circles. 





AFPAHHiNT! CEBITS OF THE SATELLITES OP UEAKU3 FOE NOVEMBEB, 1862. 


The plaaet Uranus is fast approaching the position 
most favorable for the observation of its satellites. It has 
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now a north, declination of 17 degrees, which will con- 
tinue to increase until 1868 ; and in 1862, the orbits of 
the satellites will appear sensibly circular. It is evident 
then that the period is near at hand when this planet can 
be observed more advantageously than at any former 
time since the first observations of Sir William Herschel, 
and it is presumed that astronomers will not fail to im- 
prove this opportunity to attain all the information 
within the reach of our instruments, both respecting the 
physical peculiarities of the primary, and the number and 
period of its satellites. 



SECTION Y. 


DISOOTEEY OP A NEW RING- TO SATURN. 

The planet Saturn has long been known to be sur- 
rounded by two rings. In the year 1610, Galileo, with a 
very indifiJerent telescope, saw the planet like a central 
globe between two smaller ones. In 1656, Huygens gave 
the true explanation of these appearances, and showed 
that the planet is surrounded by a luminous ring, in the 
center of which it is suspended. In 1675, Cassini saw 
the dark elliptic line which divides the ring into two 
concentric portions, and he noted the unequal brilliancy 
of the rings, the inner one being the brightest. Several 
astronomers have suspected the existence of more than 
two rings about Saturn. On the 25th of April, 1837, 
Professor Encke^ at Berlin,, saw the outer ring divided into 
two nearly equal parts, and several divisions were recog- 
nized on the inner edge of the inner ring. On the 7th of 
September, 1843, Messrs. Lassell and Dawes saw what 
■fchey considered to be a division of the outer ring. The 
division of the outer ring has also been noticed by Cap- 
tain Kater in England, M. De Vico, at Borne, and 
Quetelet, at Paris. The newly-discovered ring of Satuini 
can not be classed with the subdivisions of the old ring, 
as it lies within- its inner edge. 
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The following is the account of the grand discovery of 
a new ring by the Messrs. Bond, at Cambridge : 

“November 11, 1850. We notice to-night with Ml 
certainty the filling up of light inside of the inner ring at 
X and y (see drawing on page 109). Also where the ring 
crosses the ball fi:om c to d, or apparently below its pro- 
jection, is a dark band, no doubt the shadow of the ring 
upon the ball ; but what is very singular, there is also a 
dark line from a to S, or above the ring, very plainly seen, 
so that there can be no question as to the line where the 
upper edge of the ring crosses the ball. The light which 
fills the space at x and y, is suddenly terminated on the 
side toward the ball. It does not arise firom any optical 
deception, for this would give a similar appearance to the 
outside of the ring, or indeed to the edge of any object 
we look at, which certainly is not the case. . 

November 15, 7h 50m. The new ring is sharply de- 
fined on the edge next to the baU. W. 0. Bond 
he sees, the new ring clear.' of connection with the old. 
But the side next to the old ring is not so definite as that 
next to the planet, so that it is not certain whether the 
new ring is connected with the old or not. -. Where the 
dusky ring crosses Saturn, it appears a little wider at the 
outside of the ball than in the center. Where it crosses 
the ball, it is not quite so dark as the shadow of the 
ring. . ' 

“ 8h p. M. Can not be sure of a division between the 
new and old rings (other than the difference of light). 
Once or twice with the higher powers, one was suspected. 
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On. furtlier examination we agree tliat tlie dark ring is 
narrower tlian the outer ring. Its inner edge may be as 
far from tbe inner edge of tbe broad ring as two thirds 
of tlie breadth of the outer ring.” 

The appearances above ‘described had been noticed on 
many occasions prior to the above dates, but their true 
explanation was first ascertained on the evening of 
November 15th. The fact of the existence of a dusky 
ring hitherto unknown contained in the space between 
the old ring and the ball could no longer be questioned. 
Observations continued to the 7th of January, 1851, fully 
confirmed the deductions ” which the Messrs. Bond had 
drawn from those of the 11th and 16th of November. 

Similar appearances were noticed by the Eev. W. R. 
Dawes at his observatory near Maidstone in England, on 
the 29th of November, 1850. His telescope was a re- 
fractor by Merz & Son of Munich, having an aperture of 
six inches. He states that on the 29th he observed a 
shading like twilight at the inner portions of the inner 
ring. Also an exceedingly narrow black line on the ball 
at the southern edge of the ring where it crosses the 
planet, and it was slightly broader at the east and west 
edges of the ball than near its middle. On the 3d of De- 
cember he agaiu saw the same phenomenon, as did also 
Mr. Lassell of Liverpool, who was on a visit to Mr. 
Dawes’s observatory. Mr. Lassell stated that the space 
between the inner diameter of the inner rjng and the ball, 
was half covered by an appearance as if a crape vail had 
been thrown over it. There is a dark inner edge to the 
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bright ring, which shades . off a little. The dark ring is 
there of a uniform gray color ; the sky is seen black be- 
tween Bond’s ring and the planet. 

An appearance somewhat similar to that described by 
Mr. Bond was seen by Dr. Oalle at the Berlin observatory 
in the years 1838 and 1839. The following are the 
observations of Dr. Galle : 

“1838, May 25th. The dark space between Saturn 
and his ring seemed to consist, as far as its middle, of the 
gradual extension of the inner edge of the ring into the 
darkness, so that the fading of this inner ring has con- 
siderable breadth. 

“ June 10. The inner edges of the first ring fade 
away gradually into the dark interval between the ring 
and the ball. It seemed that the ring, from the begin- 
ning of the shading inclusive, extends over nearly half 
the space toward the ball of Saturn. 

“June 15. The fading of the inner ring toward 
Saturn, as on June 10.” *• 

The memoir Containing these observations was pub- 
lished in the Transactions of the Berlin Academy of 
Sciences for 1838; it attracted, however, but little at- 
tention until after the announcement of the discovery of 
the Messrs. Bond. 

Professor A. Secchi, of the observatory at Eome, re- 
marks that this species of penumbra in the interior of the 
ring of Saturn existed in the year 1828, at which time it 
was seen with the telescope of Caiichoix, then recently 
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received. The dark ring was perceived, although its 
nature was not comprehended. 

The preceding observations naturally suggest the in- 
quiry, whether this newly-discovered ring is one of 
recent formation, or has it existed from time immemorial ? 
Sir Wilham- Herschel diligently observed this planet ; 
yet only on four occasions did he notice any thing re- 
markable in the interior portion of the ring beyond 
a slight shading off, which is represented in one of his 
figures of the planet, but is not thought worthy of 
particular description. 

Professor Struve remarks (Memohs of the Astronomical 
Society, vol. 2), “ the inner ring toward the planet seems 
less distinctly hmited, and to grow fainter, so that I am 
inclined to think that the inner edge is less regular tha n 
the others.” I^Teither did Sir J. Herschel at the Gape 
of Good Hope notice any thing hke the present appear- 
ances, though Saturn was nearly in the zenith, and the 
climate so favorable. • 

In a paper published in the Memoirs of the Apademy 
of Sciences of St Petersburg; M. Otto Struve attempts to 
show that the observations of various astronomers an- 
terior to the year 1838, afford unequivocal indications of 
the existence of the obscure ring. He remarks that the 
early astronomers generally make mention of a dark-belt, 
(termed the equatorial belt) which was seen passing 
across the body of the planet, immdMdy contiguous to 
the inner edge 'of the interior bright ring. J. Cassini 
showed in 1716 that from its slight curvature the equa- 
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tOTial belt could not be situate close to tbe surface of tbe 
planet. In 1723, Halley remarked that tbe dusky line 
■wbich in 1720 be observed to accompany tbe inner edge 
of tbe- ring across tbe disc, continued close to tbe same, 
tbougb tbe breadtb of tbe ellipse bad considerably in- 
creased since tbat time. M. Struve remarks tbat tbe 
projection of tbe obscure ring upon tbe body of tbe planet 
agrees with tbp position assigned by tbe earlier observers 
to tbe equatorial belt, and tbat no trace of tbe latter is 
visible upon tbe planet in tbe present day. He therefore 
arrives at tbe conclusion tbat tbe obscure ring bas ex- 
isted around tbe planet, at least since tbe ■ -time -wben 
telescopes were first constructed of sufficient optical 
power to exhibit tbe belts upon bis disc. 

Tbe breadtb of tbe space which separates tbe inner edge 
of tbe interior bright ring and tbe body of tbe planet hav- 
ing exhibited a considerable discordance as measured by 
himself in 1851, and by bis father in 1826, M. Otto Struve 
instituted a carefid examination of the various measure- 
ments of preceding astronomers relative to tbe dimensions 
of tbe planet and the rings. By a comparison of tbe micro- 
metrical measures of Huygens, Cassini, Bradley, Her- 
scbel, "W. Struve, Encke and Galle,, witb tbe correspond- 
ing measures executed by himself, be found that the 
inner edge of the interior bright ring is gradually ap. 
Woadiing hody of ths planet, while at the same time 
the total breadth of the two bright rings is constantly 
mcreadng. The earber measures employed in this com- 
parison are, however, founded upon certain assumptions 
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relatiTe to the effects of irradiation, and can not there- 
fore he regarded as altogether trustworthy. iProm a com- 
parison similar to that instituted in the previous case, M. 
Struve infers, that during the interval "which elapsed be- 
tween the observations of J. D. Oassini and those of Sir 
William Herschel, the breadth of the inner ring had 
increased in a more rapid ratio than that of the outer 
ring. The subsequent measures seem to indicate a 
reversal of thi^ process. ' 

By observations made by Mr. Lassell at Malta in 1862, 
it appears thgit the new ring is transparent to such a 
degree, that the body of the planet can be seen through 
it. The following is the language of Mr. Lassell : “ Per- 
haps the most remarkable phenomenon which I now 
notice for the first time is the e^vident transparency of 
the obscure ring; both limbs of the planet being dis- 
tinctly seen through, it where it crosses the baU, quite 
through to the edge of the inner bright ring. To my 
apprehension I can not better describe the entire aspect 
of the obscure ring" than by comparing it to an annulus 
of black crape stretched within the bright ring, which, 
when projected against the black sky, as at the curve’ 
would, from its reflecting some light, appear of a dark 
gray shade ; and when projected on the ball, would, from 
the transmission of .a portion of the reflected light of the 
ball, appear of a much lighter gray. What the precise 
nature of this marvelous appendage can be would be' 
an interesting subject of speculation, exhibiting as it were 
a connecting link between nebulous and solid- matter. 
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The precise definition of its edges renders it unlike any 
other specimen of nebulae ; while on the other hand its 
certain translucency deprives it of all resemblance to the 
other solid bodies of our system.’’ The drawing on page 
115 is copied from one furnished by Mr. Lassell from his 
observations made at Malta in 1852. 

, Mr. Q-. P. Bond maintains that Saturn’s ring is in a 
fluid state, or at least does not cohere strongly. The 
following are some of the considerations upon which he 
founds this conclusion. Several observers, among whom 
are Eater, Encke, De Vico, and Lassell, have seen di- 
visions both of the outer and inner ring. On the other 
hand, some of the best telescopes in the world, in the 
hands of Struve, Bessel, Sir John Herschel, and others, 
have given no indication of more than one division, 
when the planet has appeared under the most perfect 
definition. The fact also that the divisions on both rings 
have not usually been visible together, and that the 
telescopes which have shown distinctly several intervals 
in the old ring, have failed to reveal the new inner ring, 
while the latter is now seen, but not the former, indicates 
some real alteration in the disposition of the material 
of the rings. 

These facts are most easily explained by supposing 
that the rings are in a fluid state, and within certain 
limits change their form and position in obedience to the 
laws of equilibrium of rotating bodies. This hypothesis 
is favored by considerations drawn frbta the* state of 
the forces acting on the rings. On, the assumption that 
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the matter, of whicli the ring is comiDosed, is in a solid 
state, we may compute for any point on its surface the 
sum of the attractions of the whole ring and of Saturn. 
The centrifugal force generated by its rotation, may thus 
he determined from the condition that the particle must 
remain on the surface. Now, in the case of a solid ring, 
particles on the inner and. outer edges must have the 
same period of rotation. This condition limits the 
breadth of the ring; for, if it be found necessary for the 
inner and outer edges to have different times of rotation, 
this can be accomplished only by a division of the ring 
into two or more parts. From careful computations, he 
has iniferred the necessity of admitting a large number of 
rings,* provided they are solid. But there’ are numerous 
objections to admitting a large number of small rings 
near each other, and to avoid these difficulties, he adopts 
the hypothesis of a fluid ring. If in its normal condition 
the ring has but one division, as is commonly seen, 
under joectiliar circumstances it might be. anticipated that 
the preservation of their equilibrium would require a 
separation in some regions of either the inner or outer 
ring ; this would explain the fact of occasional sub- 
divisions being seem Their being visible for i)ut a short 
time, and then disappearing, to the most powerful tele- 
scope, is accounted for . by the removal of the sources of 
disturbance when the parts thrown off would re-unite. ’ 
Professor Peirce has undertaken to show, from purely 
itechanical considerations, that Saturn’s ring can not be 
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solid. He maintains, unconditionally that there is no con- 
ceivable form of irregularity and no combination of ir- 
regularities consistent with an actual ring, which would 
serve to retain it permanently about the' primary, if it 
were solid. He maintains that Laplace’s statement of the 
sustaining power of an irregularity, was a careless sug- 
gestion, which was. dropped at ratndom, and never sub- 
jected to the scrutiny of a rigid analysis. Moreover the 
fluid ring can not be regarded as one of real permanence 
without the aid of foreign support. This support he 
finds in the action of the sateUites. The satellites are 
constantly disturbing the ring, and yet they sustain, it in 
the very act of perturbation. Ho planet, he thinks, can 
have a ring unless it is surrounded by a sufSicient number 
of properly arranged satelhtes. 

We might hope to obtain important information re- 
specting the constitution of the rings of Saturn, if it could 
be observed in its passage over some bright star. In that 
case the light of the star might be seen through each suc- 
cessive opening between ring and ring, provided the 
width, of the opening were sufEicient to allow the visual ' 
ray to clear the thickness of the rings. It would be im- 
portant to notice whether the light of the star disappeared 
suddenly behind each of the rings in succession, or 
whether there was any appearance of refraction. Whis- 
ton informs us that Dr. Clarke’s father saw a fixed star 
between the ring and the body of the planet ; and Pro- 
fessor Eobison mentions a star’s having been seen in the 
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interval between tbe two bright rings.* Opportunities 
of this Mnd are of exceedingly rare occurrence, and it is 
of tbe highest importance that they should always be im- 
proved by nice micrometrical measurements. 


^ Smyth’s Celestial Cycle, v. i, page 193. 



OHAPTER ri. 

REOBOT ADDITIONS TO ODB KNOWLEDGE OE OOMBTa 


SECTION I. 

THE GREAT COMET OE 1813. 

Modern astronomers were generally agreed that the 
ancient accounts of comets were greatly exaggerated; 
for, said they, since we have had careful and scientific 
observers, the appalling comets of ahtiquity have dis- 
appeared. What then shall we say of a comet in the 
nineteenth centoy, rivaling the noonday splendor of the 
sun? 

On Tuesday, the 28th of February, 1843, a brilHant 
body resembHng a comet, situated near the sun, was seen 
m broad daylight, by numerous observers iu various parts 
of the world. It was seen in each of the New England 
States (except, perhaps, Rhode Island), in Delaware, at 
&hfax, N. S., in Mexico, in Ita^jr, and it is said also in 
the East and West Indies. It was seen in New England 
as early as half-past seven in the morning, and continued 
tfil after 3 p.m., when the sky became considerably ob- 
scured by clouds and haziness. The appearance was that 

6 


122 HISTORY OB' ASTRONOMY. 

of a luminous globular body with a short train— the 
whole taken together being found by measurement about 
one degree in length. The head of the comet, as ob- 
served by the naked eye, appeared circular; its light 
equal to that of the moon at midnight in a clear sky ; 
and its apparent size about one eighth the area of the full 
moon. Some of the observers compared it to a HTnall 
cloud strongly illuminated by the sun. The train was of 
a paler light, gradually diverging from the nucleus, and 
melting away into the brilliant ■ sky. An observer at 
Woodstock, Vt., viewed it through a common three feet 
telescope. It presented a distinct and most beautiful ap- 
pearance— exhibiting a. very white and bright nucleus, • 
and- a tail dividing near the nucleus into two separate 
branches. At Portland, Me., Captain Clark measured 
the distance of the nucleus from the sun, the only meas- 
urement (with one exception) known to have been made 
in any part of the globe before the 8d of March. At 3h. . 
2m. 15s., mean time, the distance of the sun’s furthest 
limb from the nearest limb of the nucleus was 4° 6' 16". 

In Mexico, Lat. 26° 8' N., Long. 106° 48' W. of Green- 
wich, the comet was observed from nine in the morning 
until sunset, by Mr. Bowring, mi the altitude of the 
comet repeatedly measured with a sextant. Professor 
Bianchi, of Modena, in Italy, writes that on the 28th of 
February, the comet was seen by number^ at Boulogne, 
Parma and Genoa. 

If is said also that Captain Bay, being at Conception,, 
in South , America, saw the comet on the 27th of Feb- 
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ruary, east of the sun, distant about one sixth of his diam- 
eter. • 

The comet was seen at Ternambuco, Brazil, and in Van 
Dieman’s Land, on the 1st of March. On the second it 
was seen in great brilliancj at St. Thomas, and by various 
navigators in the equatorial regions. On the evening of 
the 8d, it was noticed at Key W^t, and excited much at- 
tention. On the 4thj it was seen by a few in the latitude 
of New York, and on Sunday evening the 6th, it was 
noticed very generally.. Prom this date, until about the 
close of the month, it presented a mpst magnificent spec- 
tacle eveiy deaf evening, in the absence of the moon. 
As seen near the equator, the tail had a darkish line from 
Its head through the center to the end. It was ocoapion- 
aJly brihiant enough to throw a strong light upon the 
sea. The greatest length of tail was, about the 6th of 
March, 69“ as measured with a sextant, and it was ob- 
served to have considerable curvature. ^One observer de- 
scribes it as an elongated birch rod slightly curved, and 
having a breadth of o!ne degrees At the Oape of Good 
Hope, on the Sd^ it is described, as a double tail, about 
26 in length, the two streamers making with each other 
an angle of about a quarter, of a degree, and proceeding 
from the head in perfectly straight lines. The greatest 
length of tan observed in the-.Hnited States, was about 
60°. The curvature of the tail upward, though very 
noticeable, scarcely exceeded two degrees. , The first ob- 
servation of Ae nucleus (with the exception of the noon- 
day observations) is believed to have been made at the - 
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' THE GREAT COMET' OE 1843. 

Cape of Good Hope, on the Sd, after which it was ob- 
served regularly Tintil its disappearance. At Trevandrun, 
in India, it was observed from the 6th • at** Cambridge,' 
Mass., it was observed on the 9th, and at numerous places 
on the 11th. The first European observation of - the nu- 
cleus was made on the 17th at Some and Naples, after 
which it was seen at most of the continental observatories 
. till the end of March. . . 

The comet nowhere continued visible many days. It 
was seldom seen in Europe after the 1st of April. *The 
last observation at Naples was on the 7th. Only one 
later observation has been announced' from Europe. This 
was at Berlin, On the 16th, when Professor. Encke thought 
he caught a faint glimpse of the comet, but it could not 
be found again on the subsequent evening. The most 
complete series of observations in this country was made 
by Messrs. Walker and KendaU of Philadelphia, where 
the comet was followed until April 10th. At Hudson, 
Ohio, the comet was seen for the last time April 6th. 

A great many astronomers have computed the orbit of 
this comet, and have obtained very extraordinary results. 
The comet receded from the sun almost in a straight Une, 
so that it required careful ‘observations to determine in 
which direction the comet passed round the' sun, and some 
at first obtained a direct orbit, when it should have been 
retrograde. The perihelion distance was extremely small, 
very little exceeding the sun’s radius. Some have ob- 
tained a smaller quantity than this, but such a supposi- 
tion seems to involve an impossibility. It is. certain, 
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lioweyer, that the comet almost grazed the sun ; perhaps 
some portion of its nebulosity ’may have coiUe into direct 
collision with it. The best orbits give a perihelion dis- 
tance of *0056, or a distance of 90,000 miles from the 
sun’s surface, which is equal to about one fifth of the sun’s 
radius. 

The velocity with which the comet whirled round the 
sun at the instant of perihelion was prodigious. This 
was such as, if continued, would have carried it round 
the sun in two hoims and a half; in fact, it did go more 
than half round the sun in this time. In one day (that 
is from twelve hours before, to twelve hours after peri- 
helion passage), it made 291 degrees of anomaly; in 
other words, it made more than three quarters of its 
'Circuit round the sun. In 40 days, the period of its 
visibility, it had described 173 degrees from perihelion ; 
while to describe the next seven degrees requires a 
period of many years, and perhaps centuries. 

The head of this comet was exceedingly small in com- 
parison with its tail. W^hen first discovered, many were 
unwilling to believe it a bomet, because it had no head. 
The head was probably nowhere seen by the naked eye 
after the first days of March. At the close of March the 
head was so faint as to render observations somewhat 
difficult even with a good telescope, while the tail might 
still be followed by the naked eye about thirty degrees. 
Bessel remarked that ‘‘ this comet seemed to have ex- 
hausted its head in the manufacture of its tail.” It is 
not, however, to be hence inferred, that the tail was 
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really brighter than, the head, only more conspicuous 
from its greater size. ‘A large object, though faint, is 
much more noticeable than a small one of intenser light. 
Thus the milky-way is little more than an assernblage 
of faint Stars, no one of which singly would make any 
distinct impression upon the naked eye. 

The nearest approach of the comet’s head to the earth 
was about 80 millions of miles, being very soon after the 
perihelion passage. The absolute diameter of the neb- 
ulosity surrounding the head was about 36,000 miles. 
The apparent length of the tail has already been stated; 
but the absolute dimensions were still more extraordinary. 
The following table was computed from the best ob- 
servations, and shows the progress of the formation of 
the tail after perihelion. The comet passed its perihelion 
on the afternoon of February the 27th, Greenwich 
time. 


Lenfftli of tail. 

MilGS. 

February 28, 35,000,000 

March 1, 55,000,000 ’ 

“ 2, 70,000,000 

3, 82,000,000 
“ 4, 91,000,000 

“ 6, 96,000,000 

“ 6, 99,000,000 

“ 7, 100,000,000 

" 8 , 101 , 000,000 

“ 9, 102,000,000 

“ 11, 103,000,000 

“ 13, 104,000,000 


Length of taiL 
Miles, 

March 15, l05,000,000 

“ 17, 106,000,000 

“ 18, 106,000,000 

“ 19, 107,000,000 

“ 20, 107,000,000 

“ 21, 108,000,000 

“ 24, 108,000,000 

“ 26, 106,000,000 

“ 27, 106,000,000 

“ 30, 101,000,000 

“ 31,- 98,000,000 

April 1, 95,000,000 


The visible portion of the tail attained its greatest 
length early in March, remained nearly stationary for 
some time, and dhring the first week of April suddenly 



128 


HISTORY OP ASTRONOMY. 

d^appeared, from increased distance, without any great 
diminution of length. The comet doubtless had ■ a tail 
before perihelion, but it, seems physically imposable that 
this should have formed any part of that which was seen 
after perihelion. The tail was turned nearly toward the 
earth on the night of February 27th, in such a- direction, 
that had it reached the earth’s orbit, it would have passed 
fifteen millions of miles south of us. Its length was,, 
however, at that time, insufficient to reach any consider- 
able part, of the distance to the earth. 

What gave, the comet its extraordinary brilliancy on' 
the 28th of February? Evidently its’ proximity to the 
sun. The day before it had almost yraaec? the sun’s 
disc. The heat it received, according to the computa- 
tions of Sir John Herschel, must have been 47,000 times 
that received by the earth ffiom a vertical sun. The 
rays of the sun united in the focus of a lens thirty two 
inches in diameter, and six feet eight inches focal length, 
have melted carnelian, agate and rock crystal. The heat 
to which the comet was subjected must have exceeded by 
twenty-five times that in the focus of such a lens. Such 
a temperature would have converted into vapor almost 
eve^ substance on the earth’s surface ; and if any thing 
retained the solid form, ft would be ,in a state of intense 
Ignition. The comet on the 28th of February was red 
Aot-and for some days after its perihelion, it retained a' 
peculiar abearance. In the equatorial regions, the 
tail 13 described as resembling “a stream of fire from a 
furnace.” The reason why the tail was seen on the 28th, 
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was, that it was turned almost directly toward the earth, 
and we therefore saw it in the direction of its length. 

Has this comet ever beeri seen before? In the year 
1668 a comet appeared very similar to the present one. 
Cassini saw the tail at Boulogne, Jdarch 10, and sub- 
sequently an hour after sunset; but the head was 
plunged in the rays of the sun. The tail was 45° in 
length, and extended almost horizontally from west to 
south. It was so brilliant that its image was distinctly 
seen reflected from the sea; but this brightness lasted 
only three days, The head was small and faint, and 
difficult to be seen. Professor Henderson, of Edinburg, 
computed the orbit of this comet, and obtained a result 
very similar to the early results with the comet of 1843. 
He then assumed the elements of the latter comet, and 
from them computed the places in 1668. The results 
accorded pretty well with the observations. Mr. Peter- 
son has made the comparison with corrected elements, 
and found the accordance still better. On the whole, 
it appears that the comets of 1688 and 1843 pursued 
nearly the same path, and exhibited nearly the same ap- 
pearances. . , 

A. similar comet was seen in 1689. It was not seen in 
Europe, but was observed at Pekin, and was most bril- 
liant in the southern hemisphere, where the tail attained 
the length of about 68°. The head was bright, but the 
tail was paler, and had the shape of a huge saber curved 
at the extremity. The orbit of this comet was computed 
by Pingrd, and its elements agree pretty well with those 

6 * 
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of tke present comet, except the inclination, which, was 
too great. Professor Peirce, of Cambridge, has re-com-: 
puted the orbit and obtained a much better coincidence. 
In short, it appears that the three comets of 1668, 1689, 
and 1848, all pursued nearly the same path, and presented 
somewhat similar appearences. What are we to infer ? 
Mr. W alker inferred that these were different appearances 
of the same comet, with a period of 21| years, the comet 
haying made seven' revolutions from 1689 to 1843. But 
why was it not seen at either of the intermediate returns? 
Because (it is said) the position of the comet was unfavor- 
able for observation. From the position of its orbit, the 
comet will always have considerable southern declination, 
which is unfavorable to its being seen in the northern 
hemisphere. This answer is not entirely satisfactory, as 
it is improbable that so prodigious a tail should pass un- 
noticed during six successive returns. 

Professor Schumacher is inclined to regard this comet 
as identical only with that of 1668, giving^ it a period of 
175 years. Professor Peirce has mad6 a comparison of 
all the best observations, and his result is that an ellipso 
of short period is inadmissible. The observations may 
all be represented by a parabola within the usual 
of the errors of cometary observations. An ellipse of 
about 180 years represents them a little better. Profes* 
son Hubbard, of the Washington Observatory, has re- 
cently undertajjen a thorough discussion of all the ob- 
servations of this comet, and has computed the effect due 
to the perturbations of the planets. He finds the most 
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probable orbit to be aa ellipse of over 600 years. We 
seem obliged then, entirely to reject any short period, as 
20 or 80 years, and there seems but slight probability 
that this comet is identical with that of 1668. It is doubt- 
ful whether the period of this comet can be certainly de- 
termined until it has been again observed on its return to 
the sun. 

The following circumstances invest the comet of 1843 
with peculiar interest. . 

1. Its small perihelion distance ; being as small as that 
of any comet whose orbit has been computed, and nearly, 
as small as is physically possible. 

And 2. Its prodigious length of tail; being equal to 
that of any comet hitherto observed. 



SECTION II. 

PATE’S COMET OP 1843 . 

On tte 22d of November, 1843, a telescopic comet was 
discovered by M. Faye, of the Paris observatory. It had 
a brilliant nucleus, and a short tail like a fan about four 
minutes in length. It was re-discovered in tbig country 
on the 27th of Pecember, by Mr. J. S. Hubbard, at New 
Haven. The comet was closely watched at the European 
observatories during December and January, and at the 
Pulkova observatory it was followed until the 10th of 
April. The orbit was first' computed as usual on the sup- 
position of its being a parabola, but the parabolic elements 
being found unsatisfactory, an elliptic orbit was comput- 
ed, and the period found to be about seven years. Its 
eccentricity was found to be 0'55, thus forming a connect- 
ing link between the asteroids and comets’ Hitherto, 
there was a well-maxked distinction between planets and 
comets. The most eccentric of the planetary orbits is 
that of Polymnia (0-337) or about one third. The least 
eccentric cometary orbit hitherto well established, was 
that of Biela’s comet, (0-75), or almost exactly three quar- 
ters. Faye’s comet, with an eccentricity of one (0-65) 
occupies an intermediate rank, and nearly removes what 
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tad hitherto been regarded as one of the most distinctive 
features of comets. 



The position of its orbit in the heavens is very.nnstable. 
At aphelion, its distance from the sun is five hundred and 
sixty millions of miles, bringing it into close proximity 
to the planet Jupiter. Such a conjunction happened in 
1840, at which time the attraction of Jupiter for the comet 
was about one tenth part of the sun’s, and must have pro- 
duced a considerable alteration of its orbit. In 1816, the 
comet probably came stil! nearer to Jupiter, by which its 
former orbit must have been greatly changed. The for- 
mer path of this Comet *may, therefore, have been very 
different from that which it pursued in 1848, and M. Yalz 
expressed the opinion that this comet was identical with 
the famous comet of 1770. The latter comet, at its ap- 
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pearance in 1770, was found to be moving in an ellipse, 
whose period was only five and a half years, and astrono- 
mers were surprised that it had never been seen before. 
By tracing back its motion, it was found that at the be- 
ginning of 1767, it was very near to Jupiter, and the two 
bodies remained in the neighborhood of each other for 
several months. ’* Computation, moreover, disclosed thi 
fact that previous to 1767, the elliptic orbit which it de- 
scribed corresponded not to five, but to fifty years of re- 
Mution round the sun. Again, in 1779, according to 
Xexells elements, it was 500 times nearer to Jupiter than 
to the sun; so that then, notwithstanditig the immense 
size of the sun, its attractive power on the comet was not 
the 200th part of that exerted by Jupiter. It was found 
that on the departure of this comet out of the attraction 
of Jupiter in 1779, its circuit could not be performed in 
less than twenty years. Thus the action of Jupiter 
brought the comet of 1770 to us in 1767, and removed it 
from us in 1779. Moreover, at every revolution, the 
coraet of 1770 ought to comb into close proximity to 
Jupiter, and suffer enormous perturbations, and M. Valz 
conjectured that the orbit of this combt had been at last 
transformed into that of the comet observed in 184:3, M, 
LeVerrier has undertaken a thorough inYestigation of 
this question, and he thinks he has demonstrated that 
the comet of 1770 has nothing, in common either with 
comet of 1843, or with that discovered by De 
Vico in 1844, or any other comet whose orbit has been 
computed. 
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faye’s comet of 1843. 

M- Le Venier computed the perturbations of the 
comet arising from the attraction of the planets dur- 
ing the interval from 1843 to 1861, and predicted that 
this body would return to its perihelion on the 3d of 
AprU,.1851. ■ 

The comet was seen at th^ Cambridge observatory, in 
England, on the 25th of December, 1850, a,nd was fol- 
lowed until the 4th of March, It was described as an 
extremely faint object, so as to be barely visible. The 
positions assigned to it, scarcely differed at aU from those 
assigned in the Ephemeris computed from the elements of 
Le Terrier, The cornet was discovered by Mr, Bond, at 

the Cambridge (Mass,) observatory, on the 1st of Januarv 
1851, 

Mr, Bond describes the comet as being at that time a 
very faint object in the twenty-three feet refractor, and as 
appearing slightly elongated in the direction of the sun. 
The same body was discovered at the Pulkova observa- 
tory, on the 24th of January, 

Eaye’s comet is the fourth which has been observed to 
return to the sun in conformity to a prediction, Halley ’s 
comet made its first predicted return in 1759 ; Encke’s 
comet in 1822 ; andHiela’s comet in 1832. Several other 
comets have been predicted to return, but these-predic- 

tions have riot been verified by observation. 

The comet of Faye may be expected to arrive at peri- 
helion «gain in October, 1858. 


SECTION III;. 

BE VICO’S COMET OF 1844 . 

On tte 22d of August, 1844, Father Da Vico, di- 
rector of the observatory at Eoihe, discovered a telescopic 
coihet iu the constellation of the Whale. He imme- 
diately announced the discovery to Professor Scliumaohcr, 
of Aitona, but his letter did not arrive till the 26tli of 
September. Meanwhile, the comet had been discovered 
independently hy several different observers. It was 
seen by Professor Enche at Berlin on the 6tl:i of Sep- 
tember, and . on the 6th it was seen at Hamburg by M. 
Melhop, an amateur astronomer. On the 10th of Sep- 
tember it was discovered by Mr. H.'Li Smith of Cleveland, 
Ohio, who observed it every day for nearly a fortnight. 
About the third week in September, it was jhist dis- 
cernible with the naked eye, and with slight optical aid 
had a very beautiful Appearance, the nucleus bcipg 
bright and star-like, and having a tail about one degree in 
length, extending in a direction opposite to tlio butu 
A t the Pulkova observatory, the comet was follo wed till 
the 81st of December. • 

It was soon found by M. Faye and others, that the 
comet deviated remarkably from a parabolic orbit ; and it 
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was ascertained that the curve described was an ellipse 
with a periodic time of about five and a half years. Dr. 
Briinnow (formerly of BerHn, but now director of the 
observatory at Ann Arbor, Mich.), undertook a thorough 
investigation of all the observations, embracing a period 
of more than four months, and took account of all 
the planets, within the orbit of Uranus. He thus ob- 
tained an orbit which satisfied aU the observatibns with 
extreme .precision, and indicated that the length of- the 
comet’s revolution was 1996.5 days, or 5.4659 years. 
This period (supposing its orbit undisturbed) would bring 
the comet back to perihelion about the 20th of Feb- 
ruary, 1850 ; but it happened, very unfortunately, that 
when the comet was near enough to the earth to be 
otherwise discerned, it was always lost in the sun’s rays,; 
the geocentric positions of the sun and comet at perihe- 
lion being nearly the same, and continuing so for some 
months, on account of the apparent direct movement of 
both bodies. 

At the next visit, in the summer of 1865, it was sup- 
posed that the comet would be more favorably located in 
the heavens, and astronomers looked forward with great 
interest for its reappearance. Dr. Briinnow calculated 
that it would be in perihelion on the evening of August 
6th, 1855. Only one observation of this body has been 
reportedfrom any part of the world. ■ On the 16th of May, 
M. Hermann Goldschmidt, of Baris, whilo searching for 
the comet, found a nebulous body whose right ascension 
was 21h. 41m. 45s. ; declination 16“ 88’south. It was faint. 
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but well seen witK an object-glass of -30 lines aperture, 
and a magnifying power of 35. Its outline was ill defined, 
of irregular form, and without tail. 

The above position does not differ much from that 
which De Vico’s comet should have occupied if it had 
passed its perihelion about five days later than that com- 
puted by Dr. Briinnow, and M. Goldschmidt concluded 
that he had obtained an observation of De Vico’s comet. 
But, according to computation, the comet was much 
nearer the earth on the Ist of August than it was in 
May, and its position in the heavens was more favorable 
to its visibility, so that if this comet was really seen in 
May, it is difficult to understand why it was not some- 
where seen at a later period. Dr. Briinnow is satisfied 
that this supposed observation was a mistake, and that 
De Vico’s comet was no where seen in 1856. He ac- 
counts for this failure to find the comet by the faintness 
of the object and the uncertainty of the ephemeris, owing 
to the difficulty of determining the time of perhelion 
passage. 

Messrs. Laugief and Mauvais, of Paris, computed the 
orbit of the cemet of 1686 from Tycho’s and Eothmann’s 
observations, and obtained elements very aimilnr to those 
of De, Vico’s comet. They, therefore, concluded that the 
comet of De Vico was identical with the comet of 1686, 
and possibly, also, with those of 1743,' 1766 and 1819. 

■ M. Le Vernier' has undertaken, by a computation of the 
perturbations, to decide whether this comet hag been ob- 
served at any former return to the sun. He concludes 
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lli.it llii.s Comet can not be identical -with tbe famous 
com.'? of - 1770 ^ jior with that of 1585, nor with any other 
( 111 I ( 1 1 II ( J j shown that there 

:iH .slron,!^^ ^'^ason to believe that the comet of De Yico is 
uhniticia \vrit;li one observed in 1678 by La Hire, and re- 
coJt K in tile Histoire Celeste of Lemonnier. Dr. Biiin- 
tiow has UiKieTtakeh similar computations, and has arrived 
at the sarno results as Le Verrier. ' ' 



SECTION IV. 

BIELA’S OOMET. 

On the 2rtli of February, 1826, M. Biela, an Austrian 
ofS.cer, discovered a cdniet ; and on computing its ele- 
ments, it was found that the same body had been ob- 
served in 1805 and in 1772. It was soon discovered 
that the comet made its revolution round the sun in a 
period of six years and two thirds. It was of course pre- 
dicted that the comet would return in 1882. Computa- 
tion also disclosed another fact, which excited no little 
alarhi. ^ It was predicted that on the 29th of October, 
1882, the comet would cross the plane of the ecliptic at 
a distance of less than 20,000 miles from the earth’s path. 
Now the' comet’s radius, from observations in 1805, had 
been determined to be greater than 20,000 miles ; from 
which it followed, that a ‘portion of the earth’s orbit 
would be included within the nebulosity of the comet. 
It was found, however, that the earth would not arrive 
at this point of its orbit until a full month hfterward. 
There Was, therefore, no great .danger of collision ; never- 
theless, no little alarm was experienced by those hot much 
conversant with astronomy. The comet returned at the 
time predicted, and was observed by .Sir John Herschel ; 
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but It was extremely faint, and could only be 

good telescopes. 


seen in 


In 1839, this comet must have returned again to tbe 
sun ; but its position was most unfavorable for observa- 
tion, and It is not known to bare been observed at. all. 
^ in 1846, this comet returned to its perihelion under 
cireumstances more favorable for observation. It was 
first seen at Home on the 26th of November, 1845 ; at 
Beriin on the 28 th; at Cambridge, England, on the 1 st 
of December, and afterward at most of the- observatories 
of Europe. It continued to be observed imtil the 27th 
of April, 1846. 

This return of Biela’s comet will always be remarkable 
in Its history for an appearance quite new in the annals 
of modern astronomy. When first observed through the 
five-xnch refiractor at Yale CoUege, December 29lh,- it 
was seen ®'^^Jaded by a feint nebulous spot, estimated to 
be ratiher more than a minute of space distant ftbm its 
brightest point. This surprising phenomenon waS first 
publicly announced by Lieut. Maury of the Washington 
observatory. On the 13th of January, Lieut. Maury dis- 
covered, that instead of being, as usual, a single comet, 
it apparently consisted of two comets moving through 
space side by sida^ Each body had all the characteristics 
of a telescopic comet, being gradually condensed toward 
the center, without any weU-defined disc; each being 
elongated on the side opposite the sun. For convenience 
of descriptio-n, we will designate one of these bodies by 
the name of Biela, and the other as his companion. 
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There are three distinct circumstances worthy of 

tion- — ^their relative intensity of lights and " 

tame from each other. 

On the 13 th of January, the companion was estiiuat*i i 
to have one eighth the magnitude of Biela; from 
time it steadily increased until the middle of Februai'V # 
when it was judged to be equal to Biela ; after whiol^t it 
rapidly declined, until it disappeared during the montlr < > 
March. 

Again, on the 13th of January, the light of the ooiit*** 
panion was estimated to haye one fourth the intensity oi* 
Biela; from which time its light increased till the 
of February, when it was judged to he somewhat brig:lit4.^ X" 

APPBAR^NOH OP BIELA’ S OOMIT. 


Marcli 30, 1846. Feb. 18, 1846. Dec. 29, 



than Biela; after wMcli it rapidly declined, and on tlu^i 
1st of March could with difaculty be seen, although 
remained quite ■ conspicuous. At the close of March tl u * 
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comet appeared single, and so continued until the 27th 
of April, when it entirely disappeared. 

Also on the 13th of January, the distance of the com- 
panion from Biela was estimated at about two minutes of 
space; near the middle of February it was five minutes ; 
on the first of March the distance was ten minutes ; and 

at the close of March it was fifteen minutes. 

The preceding facts afford abundant materials for spec- 
ulation. What was the relation of these two bodies ? 
The Appearances, when first noticed, suggested the idea 
that the companion was a samite to Biela. Such an idea 
is now inadmissible. It is found that all the observations 
are very well represented by supposing that each nucleus 
described an independent ellipse about the sun. Profes- 
sor Hubbard, of the Washington observatory, has com- 
puted the orbits, and finds that all the observations Of 
each nucleus may be represented by an elliptic orbit within 
the probable limits of the errors of such observations ; 
from which we must conclude thai? the disturbing in- 
fluence of one nucleus iipon the other must have been 
extremely small, and the observations do not appear to 
be sufficiently precise to render this influence in any de- 
gree sensible. The following table shows the distance 
of one nucleus from the other, in a straight line, expressed 
in English miles according to the elements of Professor 
Hubbard: 

t)istanc©. 

1846, 1’eb. 11 , 226,000 miles. 

25, 216,000 » 

Karcli 6, 202,000 ** 

21, no.OOO 


Distance. 

1845, Dec. 1, 117,000 miles, 

1846, Jan. 20, 198,000 “ 

28, 213,000 
•Feb. 9, 227,000 ‘‘ 
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. Thus it appears that these two bodies, during hb-O ^ * 

period of their visibility, remained at a distanco 
each other less than the mean distance of the moon- f *'* ' • - ’ 
the earth; nevertheless, the perturbations arising’ 1*'^ 
their mutual attraction, did not change their position*^ ^ ’ 

yond a very small number of seconds at the utmost, i'r* » 

■which we must infer that their masses ’were' excess i ‘ I.’* 
small. 

Biela’s comet reappeared August 26, 1862, and ooi*- 
tinued visible till the 28th of September. The 
of relative brilliancy of the two comets •were simils*-*' t** 
those observed in 1848. For convenience of diatinetirM* 
we wilL caU the most southern comet A, and tho 
northern B. The comet A was observed from* J%^xzg 03 U^ 
26th to September 25th. The comet B was not notiottcl 
until September 15th and was followed until Septeianteer 
28th. On the 15th of September, A was fainter tlxati M i 
on the 19th A was brighter than B; on the 20tli 
comets had the same brightness ; while on the 28 <1 
26tli A was fainter than B. 

The apparent distance of one comet from the other <1 ti r 
ing the whole time,ef^their visibility was about liair a 
degree. The ahsofiute: distances' of the comets from eatsi# 
other accortoig to the computation of Professor I>’.A.rr<.-i«r. 
were as follow^ : 


Bistance. 

1852, Aug. ST, 1,501,000 mUes. 
31,1,631,000 
Sep. 4, 1,559,000 «* 

8, 1,682,000 “ 

18, 1,601,000 “ 


Distance.. 

1862, Sep. 16, 1,616.000 mil,..-, 
20, 1,624,000 ** 

24, 1,686,000 « 

28, 1,619,000 «« 
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Tliiis it appears that during the entire period of the ob- 
semtions in 1852, the distance of the two bodies from 
each other remained nearly constant^ and this distance 
was nearly seven times as great as the greatest distance in 
A comparison of the observations made in 1852 
with those made in 1846, might be expected to determine 
the orbit of each comet with great precision. But here 
an unexpected difficulty presented itself. It seems im- 
possible to decide whether what was known as the pri- 
mary nucleus in 1846, is the same with the comet A or B 
m 1852 ; for all the observations are about equally weU 
represented by either hypothesis, but there is a slight dif- 
ference m favor of the hypothesis that the comet B in 
1852 was the same as what we have caUed the primary 
nucleus in 1846. 

What then is the history of these two bodies ? Are 
they both new comets— is one a new comet and the other 
Bielar— or are both of them parts of Biela ? 

We have seen that the distance of the two comets from 
each other in 1852 was more than one and a half mfflions 
of miles, while m 1846 it was- only about 200,000 miles. 
On the 1st of December, 1845, the distance was only 
117,000 miles, and by following both bodies backward we 
find that about the last of September, 1844, their distance 
firom each other was only 15,000 miles. Now the radius - 
of the primary nucleus has been computed to be 20,000 
miles; firom which we must conclude that the two bodies 
Trere in contact in September, 1844, and each body was 
within a few hours’ motion of the place where Biela’s 

7 
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comet sliould be at that time, from calculations based on 
its path when seen in 18S2. No doubt then Biela has 
been separated into* two parts, and the separation probably 
took place in the latter part of the year 1844:. With re** 
gard to this last conclusion there is perhaps some room 
for question. The extraordinary changes of brightness 
which the two nuclei exhibited both in 1846 and 1852 
clearly indicate that the brightness of these objects does 
not depend merely upon their distance from the earth 
and sun, but upon other unknown causes. These causes 
might have developed sufficient brightness in the com- 
panion, at its last two returns to the sun, to render it 
visible to us ; while at its former returns, on account of 
its unfavorable position, the companion was too faint to 
he noticed. 

What has caused this separation of the comet into two 
portions? Was it caused by collision with some foreign 
body? Such a collision would have materially changed 
the figure of the orbit, and therefore , we. can hot suppose 
it to have taken place since the observation of the comet 
in 1772, when it was found to be pursuing nearly the 
same path as at present. It is probable that in case of an. 
encounter with some other body, both bodies would have 
moved on in some new orbit.* 

Was it caused by an explosion arising from some in- 
ternal force? Forces of this kind we see in operation in 
our own globe, ejecting liquid mountains from the bowels 
of the earth. The surface of our moon bears marks of 
similar agency-r-the sun appears agitated by powerful 
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forces, perhaps the expansion of gaseous substances. If 
we knew that Biela’s comet was a solid body, we might 
easily suppose it to have been divided by some force 
similar to volcanic agency. But- most of the matter of 
this body is of the rarest kind; and it maybe doubted 

whether any part of it is in a solid state. 

Was this separation caused by a repulsive force emanat- 
ing from the sun ? The phenomena exhibited by Halley’s 
comet at its return to the sun in 1836 , require us to ad- 
mit the existence of repulsive as well as attractive forces. 
The effect of the sun’s repulsion upon the atmosphere of 
the^ comet, would be to distort it ffom the spherical form, 
■which it wi«ld assume under the attraction of the nucleus 
alone— to crowd the particles on the side next the sun 
nearer to the nucleus, and to drive those on the opposite 
side further from it — causing an oval form, whose length, 
as compared with its breadth, would be the greater, the 
stronger the repulsive force is supposed ; and the repuls- 
i've force may be conceived to become so great as to 
drive the remoter particles beyond the influence of the 
nucleus, and carry them off into space. It is necessary, 
in the opinion of Sir John Herschel, to suppose that the 
tail is attracted by the nucleus, otherwise they would at 
once part company. The compound mass of the comet is 
therefore urged toward the sun by the difference of the 
total attraptive and repulsive forces ; and so long as the 
repulsive power is insufficient to separate them, they will 
revolve together as one body, continually elongating 
itself as it approaches the sun, and on the position of 
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whose longer axis the snn exercises a directive power, as 
it wonld on a magnet, if it were itself magnetic ; or rather 
as a positively electrified body would on a non-condnct- 
ing body of elongated form having one end positively, 
and the other negatively excited. 

As a comet approaches the sun, a portion of its matter 
appears to be converted into vapor. In this vaporization, 
the two electricities might be separated, the nncleus and 
tail being in opposite electrical states. If now we sup- 
pose the sun to be in a permanently excited electrical state, 
we have an explanation of the repulsive force which has 
been ascribed to the sun. If the repulsive force of the 
sun upon the particles of the tail should onsfcotne the 
attraction of the nucleus, they must be driven oif irre- 
coverably. Such a septotion could hardly be accom- 
plished without carrying off some portion of the gravi- 
tating matter ; and thus a new comet would be formed, 
as in the case of Biela. 

Sir John Herschel mentions another mode in which 
the division of a comet might be effected. The oscilla- 
tions of a fluid covering a central body may, under cer- 
tain conditions as to the coercive power of that central 
mass, cease to continue of small extent, and may increase 
in magnitude bejond any limit which analysis is capable 
of assigning, even to the extent of destroying the con- 
tinuity of the fluid, and separating it .inta distinct masses. 
If such an extreme case could ever occur, it must be in a 
comet like Biela’s, consisting of a mass of vapor with 
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very little cohesion, and in wMct the attractive power of 
the nucleus is exceedingly small. 

Professor Santini, by employing Plantamour’s elements, 
had computed that this comet would arrive at its peri- 
helion in 1862, Sept. 28.72, Berlin mean time. An error, 
however, has been detected in Plantamom’s computations, 
which being corrected, reduces the time of perihelion 
passage to Sept. 26.26. The mean time of passage of the 
two nuclei was found to be Sept. 23.36 ; that is, the comet 
reached its perihelion nearly two days earlier than the 
time’ computed from observations at the preceding return. 
Enche’s comet exhibits a similar peculiarity, and this fact 
is accounted for. by supposing that a thin ethereal me- 
dium pervades the planetary spaces, sufGlciently dense to, 
produce some impression upon a comet, but incapable of 
exercising any sensible influence on the movements of 
the planets. 

The Imperial Academy of Sciences of St. Petersburg, 
has proposed the theory of Biela’s comet as a prize prob- 
lem, the memoirs to be presented on the 1st of August, 
1867. The Academy demands a rigorous investigation 
of the elements of the orbit described by the center of 
gravity of the comet, founded on a discussion of all the 
observations from 1772 to 1852. . 



SECTION y. 

MISS MITCHELL’S COMET. 

This comet -was discovered on tlae 1st of October, 
1847, hj Miss Maria Mitclaell, of Nantucket. As a re- 
laxation from, tbe severer toil of a systematic course of 
observations, ske bad employed tbe intervals tbrougb tbe 
preceding year in sweeping for comets ; but ber labors 
bad bitberto been only rewarded by a familiarity witb 
coinet-resembling nebulae, wbicb she bad constantly and 
carefully recorded. The instrument employed on tbeso 
occasions was a forty-six inch refractor, witb an aperture 
of three inches, mounted on a trippd, and furnished with 
a terrestrial eye-piece of moderate power. On the even- 
ing of October 1st, a circular nebulous body appeared in 
the field of the telescope, a few degrees above Polaris. 
There was scarcely a doubt of the cometary character 
of this object, inasmucK as the ‘region which it occupied 
had freq[uently been examined. Still, as tbe object vyas 
faint, and the weather uncommonly clear, a possibility 
existed that this too was a nebula not before observed. 
On the evening of tbe 2d, its change of place was mani- 
fest. Noiappearance of condensation of light toward its 
center, nor any indication of a train, could be detected. 
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It is evident that its apparition, even to the telescope, was 
sudden. Its first apparent motion was inconsiderable, 
and the region of its discovery had been constantly 
swept over by the assistant observer at Cambridge, with 
his excellent comet-seeker, even as late as the previous 
evening. This idea is strengthened by the subsequent 
rapid increase of the brilliancy of the comet, and the 
acceleration of its apparent motion. On the third, its 
motion and brightness had much increased, and there was 
noticed a slight increase of light toward its center. On 
the 4th, all observations were prevented by the weather. 
On the Sth the evening was delightful. At an early 
period it was evident that the comet must pass over a 
fixed star of the fifth magnitude, and preparations were 
made to note the beginning and the end of the transit; 
but’ the border of the comet proved too uncertain to rely 
upon. At lOh. 54m,, the star appeared to be exactly in 
the center of the comet ; and during several seconds it 
was impossible to determine, with a power of 100, in 
which direction was the greatest extent of nebulosity. It 
appeared in fact like the nucleus of the comet shining 
through it with undiminished brilliancy. 

On the 6th the comet was visible to the naked eye, and 
continued to increase in brightness till obscured by, the 
light of the moon. On the 9th, as seen at Cambridge, it 
exhibited a faint train, a degree and a half in length, and 
opposite to the sun. ^ 

This comet was discovered by M. De Vico, at Eome, 
on the 8d of October; it was discovered by Mr. Dawes, 
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of England, on tlie Tth ; and on tlie llth ft Avas dis- 
covered by Madame Eiimker, of Hamburg 

As there -vras no doubt of Miss MitchelFs having been 
the first discoverer of this body, she seemed fairly entifled 
to the gold medal offered by the King of Denmark for 
the first discovery of a comet. ^ In consec[uence, however, 
of her .not having complied strictly with the conditions 
of giving immediate notice of the discovery by letter to 
Professor Airy, it was for a time doubtful whether the 
medal would not be awarded to M. De Yico. A full 
statement of the circumstances of the discovery having 
been made to the King of Denmark, his majesty ordered 
a reference of the case to Professor Schumacher, who 
reported in favor of granting the medal to Miss Mitchell. 
This report was accepted by the king, and the medal has 
been transmitted accordingly. This is the first instance 
in which the gold medal, founded by the TTing of Den- 
mark in 1831, for the first discovery of a comet, has been 
awarded to an American, and the first instance in which 
it has been awarded to a lady in any part of the world. 

Miss Mitch^ has since been provided with a comet- 
seeker of a very large. apertu|e, the manufacture of Mr. 
Pitz of Mew York, and the public will therefore look for 
additional discoveries from the same q^uarter. 



SECTION VL 

THE EXPECTED, RETURN* OE THE G-RBAT COKET OE 1264. 

One of the most splendid comets mentioned in his- 
tory is that wMch made its appearance in the middle of 
the year 1264. It is recorded in terms of astonishment 
hy nearly all the historians of thef age ; no one then 
living had seen any to he compared with it. It was at 
the height of its splendor in* the month of Angnst, and 
during the early part of September. When the head was 
just visible above the eastern horizon in the early morn- 
ing sky, the tail stretched out past the mid-heaven toward 
the west, or was fully 100'' in length. Both Chinese and 
European writers testify to its enormous magnitude. In 
China, the tail was not only 100° long, but appeared 
curved in the forrd of a saber. It continued visible until 
the beginning of October, historians generally agreeing in 
dating its last appearance on the 2d of October, or on the 
night of the death of Pope Urban IT., of which event it 
seems to have been considered the precursor. Eough 
approximations to the elements of this comet *were at- 
tempted by Mr. Bunthorne in the middle of the last 

♦ 

century, and subsequently by M. Pingrd, tbe -well-kno-wn 
French ■writer on tbe history of comets. 

In the year 1666 another splendid comet made its ap- 

7 ^ 
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pearaiioe. It -was seen in some places near tlie end of 
February, and was equal in size to balf tbe moon. Its 
beard was short, and was unsteady. It exhibited a more- 
ment like that of a flame, or a torch disturbed by the 
wind.. The length of its tail was about four degrees f its 
color resembled that of Mars, but somewhat paler. On 
the 12th of March it had reached a north decimation of 
42°, and it moved over 15° of a great circle in a day. It 
was then distant from the earth- only about seven millions 
of miles, and showed considerable train. It continued 
visible until the 2»3d of April, when it disappeared in 
consequence of its proximity to the sun. Dr. Halley, 
the second astronomer royal of England, computed the 
elements of this comet ; but owing to the imperfect nature 
of the observations, his elements were not considered 
very exact. Mr. Dunthorne’s results for the comet of 
1264 were so similar to those which Halley had given 
for the comet of 1556, that he was immediately led to 
conclude these two bodies to be identical, and the period 
being probably about 292 years, he surmised that a re- 
appearance might be expected about 1848. 

About twenty years later^ M. Pingr<^ collected together 
all the accounts he could find relative to the comet of 
1264, and the result of an elaborate investigation was 
that the paths of the comets of ,1264 and 1556 might be 
represented with tolerable accuracy by elements very 
closely similar j and hence he regarded those bodies as 
identical, and coincided with Mr. Dunthorne in anticipa- " 
ting its -re-appearance about the year 1848. 
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Between tlie years 1843 and 1847, Mr, Hind of London 
investigated tlie question of identity anew, and lie eon- 
eluded tLat the comets of 1264 and 1556 were very 
probably tbe same, and that a return to peribelion might 
be expected about the middle of the nineteenth century. 

M. Bomme, of Middlebnrg, in the Netherlands, has 
computed the effects that will be produced on the period 
of the comet’s return by the united attraction of the 
planets. With Dr. Halley’s elements it was found that 
at the time the comet was visible in 1264, it was moving 
in an ellipse, with a periodic time of 112,469 days, or 
308 years; but perturbations, owing to planetary at- 
traction, quickened the return of the comet by no less 
than 6903. days, so that it was in perihelion in April 
1656, and at that time the revolution corresponding to 
the elliptic arc described was 112,943 days. Starting 
again from this epoch, M. Bomme ascertained that the 
next revolution should occupy 111,146 days, bringing 
the comet to its perihelion on the 22d of August, 1860, at 
which time the revolution wdl be 113;556 days. 

Employing Mr. Hind’s elements, it was found that in 
1264 the ellipse described by the comet had a period of 
110,644 days, or 302.922 years, and that planetary dis- 
turbances expedited its return by 4077 days. At the time 
it was visible in 1556, its mean motion corresponded to 
a period of 808.169 years. The present revolution 
should be shortened by perturbations 3828 days, or 
10.48 years, and the comet should again reach its peri- 
helion on the 2d of August, 1868, the revolution belong- 
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ing to the major axis at that epoch being S08.784 
years. . 

Hence it appears that there is an uncertainty of two 
years (between August 1858 and August 1860) in the 
time of the , next arrival at perihelion ^ according as the 
elements of Hr. Halley or those of Mr. Hind are em- 
ployed. 

It is an important circumstance as bearing on the 
question of identity of the comets of 1264 and 1566, 
that about 289 years before the former epoch, or A.n. 
976, a comet of great apparent magnitude was visible, 
which may possibly have been the same. It exhibited a 
tail 40° in length. Assuming the*. elements obtained by 
Mr. Hind for the comet of 1556^ and that the perihelion 
passage took place early in August 975, it is found that 
the observed track may be very closely represented. 

It is, therefore, inferred that the next perihelion pas- 
sage of the comet of 1264 will take place within two 
years of August 1858; nearer than this it does not ap- 
pear possible to approximate in the present state of our 
knowledge. 



SECTION YIL 

THE aREAT COMET OE 1863. 

The great comet of 1853 was discovered by M. Klin- 
kerfues at Gottingen on tbe lOtli of June, at which time 
it "was a somewhat faint telescopic object. About the 
7th of August it began to be faintly visible to the naked 
eye ; on the 20th it was equal to a star of the third or 
fourth magnitude ; on the 25th it was equal to a star of 
the second magnitude ; on the 30th it was as bright ' as 
one of the brightest stars of the iitst magnitude. From 
the 30th of August to the 4th of September, although 
the comet was distant but a few degrees from the sun’s 
place, it was seen and well observed each day in full day- 
light by M. Schmidt of Olrniitz. On the 31st of August 
he made a series of observations of the comet’s place 
with his telescope about mid-day, although the comet 
was only twelve degrees from the sun ; and on the 2d, 
3d and . 4th of September, he observed it at mid-day, 
although only seven or eight degrees from the sun. Also 
on the 3d of September, about noon, Mr. Hartnup, of the 
Liverpool observatory, saw the comet distinctly with his 
telescope. 

For a month after the discovery of this comet, it ex- 
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Mbited an oval form, its greatest diameter being about 
three minutes. After this date it became more elon- 
gated, and by the first of August had attained a length 
of ten or fifteen minutes. On the 20th of August it ex- 
hibited a tail about one degree in length ; and during the 
next ten days the tail rapidly increased, attaining at last 
a length of about fifteen degrees. 

The comet passed its perihelion on the ist of Septem- 
ber ; and it is not known to have been seen any where 
in the northern hemisphere after the 4th of September. 
On the 16th of September the comet was noticed at 
Santiago de Chili, and was observed there till the 7th of 
October. It was visible to the naked eye, its nucleus 
being very well defined ; but its tail was so faint, that it 
was scarcely possible to determine its length. At the 
Cape of G-ood Hope the comet was seen and carefully 
observed from the 11th of September until the 11th of 
January, 185*4. It was also observed at New Zealand 
firom the 14th of September to the 10th of October. On 
the 15th of September the length of its tail was about 
five degrees, from which time its brightness daily 
diminished. 

All the observations of this comet are tolerably well 
represented by a parabolic orbit. 



OH^PTBE III. 

ADDITION TO OtJB KNOWLEDGE OE THE EIXED STABS 
AND NEBULiE. 


SECTION 1. 

DETEBMINATION OE THE PABALLAX OE FIXED STABS. 

Until recently, astronomers had. been unable to meas- 
ure the distance of a single fixed star. The parallax 
arising from the motion of the earth in its orbit,* even for 
the nearest fixed star which had been examined, remained 
concealed among the small errors to which all astronomical 
obseryations are liable. Neyertheless, it was generally 
agreed among astronomers that no star yisible in north- 
ern latitudes, to which attention had been directed, mani- 
fested an amount of parallax exceeding a single second , of 
arc. An annual parallax of one second implies a distance 
of about twenty millions of millions of miles, a distance which 
light, traveling at the rate of 192,000 miles per second, 
requires 3 J years to traverse. This being the inferior limit 
which the nearest stars exceed, it is not unreasonable to 
suppose that among the innumerable stars which the 
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telescope discloses, there may be those whoso 

quires hundreds, and perhaps thousands of years to fravid 

down to us. 

The difficulty of measuring, by direct moridioiuil 
servations, a quantity so minute as the paralhrx; of I hit 
stars,' has led astronomers to try a system of (liilcrttiilijti 
obseryations, susceptible of far great& accuracy. Sii| >i h>so 
there are two stars at unequal distances from us, so sit iiat- 
ed as to appear nearly on the same line of yisioiu Tlieir 
apparent places must be alike affected by abcmitioii, 
cession, nutation, refraction and instrumental erroi’S ; so 
that although it is difficult to determine tlio true right 
ascension and declination of either star within ouo hccoihI 
of arc,. we may measure the difference of position of oiui 
star from the other with extreme precision, without tlio 
necessity of taking account of the prepeding corroctioiiH. 
Now the difference of position of the two stars, if nuim* 
ured for eyery season of the year, giyes us their diffm^iwa 
of parallax; and if one star is seyeral times more clishiiit 
than the other, this difference of parallax will bo siaiHihl y 
the entire parallax of the nearer star. This rnotliotl won 
first proposed by Galileo more t|ian two conturiijs 
but it does not appear that he ever attempted to rodnw. ft 
to practice. Sir William Herschel attempted to rc^liiro 
this method to practice, and for this purpose he mlo.vhH I n, 
great number of double stars which in consequence of ilm 
inequality of the component members, appeared to be widl 
adapted to this object. His labors led to the dmmvvij ' 
of a physical connection between the bodies composing 



THE PARALLAX OP FIXED STARS. 161 

double stars, but he did not succeed in establishing any 
parallax. . . •=, 

In the year 1887, the late Professor Bessel applied this 
method to determine the parallax of the double star 61 
This is a small star, hardly exceeding the sixth 
magnitude, which had been pointed out for special ob- 
servation by the circumstance of its having a very large 
proper motion, viz., more than five seconds per year, be- 
ing a more rapid motion than had been detected (until 
recently) in the case of any other star, on which account 
it had been suspected to be comparatively near our sys- 
tem. Bessel repeatedly measured the distance of this star 
firom two other stars in its neighborhood, both of them 
very minute, and therefore presumed to be very distant : 
and he continued his observations every month, when 
practicable, for three years. The distances were measured 
by means of a magnificent heliometer, which Fraunhofer 
of Munich, had recently executed for the observatory of 
Kdniggberg. It appeared that in January of each year, 
the distance of 61 Oygni from one of the stars of compar- 
ison was one third of a second less than the mean dis- 
tance; while in June it was one third of a second yrenier 
than the mean. This effect is precisely such as should be 
produced by the motion of the earth about the sun, caus- 
ing an apparent displacement of the nearer stars as com- 
pared with those which are more remote, and as no other 
explanation of the phenomenon seems admissible, these ob- 
servations are considered as settling the long vexed ques- 
tion of parallax. In, 1841, Professor Bessel received the 
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gold medal of the Eoyal Astronomical Society of Lon- 
don, for this important discoyeiy. The parallax of 61 
Cygni, according to these observations, is 0".348, making 
the distance of this star from the sun 592,000 times the 
radius of the earth’s orbit — a distance which light would 
require more than nine years to traverse. 

This result has received confirmation from the re- 
searches of M. Peters, who from a series of zenith dis- 
tances of the star, determined at the observatory of Pul- 
kova during the years 1842 and 1843, has found its paral- 
lax to be equal to 0".347. These observations were made 
with the grand vertical circle of Brtel, which is 43 inches 
in diameter, graduated to 2 minutes, and reading by four 
microscopes to one tenth of a second. 

A series of ol^gervations of 61 Cygni have also been 
made by Mr. Johnson, with the new heliometer of the 
Oxford observatory. These observations were com- 
menced in 1852 and were continued through the years 
1853 and 1854, and they fnlly confirm the fact of an 
annual parallax, very nearly of the same amount as that 
found by Bessel. The stars selected for comparison were 
different firo.m those which Bessel used, both stars lying 
nearly m the direction of the components of 61 Cygni. 
These observations give the parallax 0.".892 or 0'''.402, 
according as a temperature correction is applied or not. 

M. Otto Struve, of the Pulkova observatory, has made 
some observations of 61 Cygni ^th a wire micrometer 
attached to his telescope, %id a preliminary calculation 
has furnished for the parall'ax 0\52, a result sensibly 
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greater tban has been obtained by either of the preceding 
observers. 

In 1839, Professor Henderson, of Edinburgh, an- 
nounced that in discussing his observations of Alpha 
Oentauri made at the Cape of Good Hope, with a mural 
circle, daring the years 1832-3, he had found evidence of 
a sensible parallax. The double star, a Oentauri is one of 
the brightest stars of the southern hemisphere. The two 
stars and are situated within 19''^ of space* of each 
other. On comparing the observations of Lacaille with 
those of the present time, it is found that although the 
two stars have not sensibly changed their relative posi- 
tions, each has an annual proper motion of 3.6 seconds 
of space. It thus appears that they form a binary system, 
having one of the greatest proper motions that has been 
observed ; and from this circumstance, as well as the 
brightness of the stars, it is reasonable to suppose that 
their parallax may be sensible. Professor Henderson^ 
observations were not made for the purpose of, ascertain- 
ing the parallax, but of accurately determining the mean 
places of the stars. On reducing the declinations, he 
found a sensible parallax, but he delayed communicating 
the result until it should be seen whether it was confirmed 
by the observations of right ascension made by Lieutenant 
Meadows with the transit instrument. These observa- 
tions also indicated a sensible parallax. A combinalion 
of all Professor* Henderson’s observations gave a parallax 
of 1".16, with a probable error of 

In 1839 and 1810 a series of observations was made by 
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■Mr. Maolear, at tlie Cape of Good Hope, for the purpose 
of ascertaining the parallax of this star. The observations 
consisted of double altitudes measured with the mural 
circles, and they gave a paralla± of 0".91 ; and from sub- 
sequent observations extending down to 1848, he found 
it to be O'.QS. 

Mr. Maclear also made a series of observations of /3 
Centauri, in the years 1842-44, from which he has de- 
duced a parallax for this star amounting to 0".47, with a 
probable error of 0".04. ■ • 

In the year 1836, M. Struve commenced a series of ob- 
servations, with a view of detecting the parallax of the 
bright star a Lyra; His method of observation consisted 
in measuring with a micrometer the distance between this 
star and another very small star situated abo.ut 43" from 
it, repeating the operation at different seasons throughout 
the year. The result of this inquiry assigned a parallax 
?)fO".26toaLyr®. 

The more recent researches of M. Peters at the Pul- 
tova observatory tend to prove that this star has a visible 
parallax, although the result is less than that assigned 
by M. Struve. These observations were made with the 
great vertical circle of Ertel, and his result was a 
parallax of 0".10, with a probable error of 0".05. 

M. Otto Struve has recently given the result of fifteen 
menths’ observations on this star, and finds a parallax 
of 0".14. Combining this result with the former values 
of M. Struve and Peters, he obtains a mean value of 
0".16, with a probable error of 0".01. ... 
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The star 1830 of Groomhridge’s catalogue (right as- 
cension llh, 4:4m. 18s., declination 38° 48' north), has the 
largest proper motion at present known, exceeding 7" in 
arc ; and in consequence yarious attempts have been made 
at different places to determine its parallax, the prob- 
ability being great that its parallax would be appre- 
ciable. The discovery of the proper motion was pub- 
lished by Argelander in the year 1842, and Bessel was 
induced to give immediate directions to Schliiter, his 
assistant, to commence a series of measures with the 
Kdnigsberg heliometer. These measures were begun in 
October, 1842, and were terminated abruptly near the end 
of August, 1843, by the illness and subsequent death of 
Schliiter. M. Wichmann was then charged with the con- 
tinuation of the observations, but more pressing duties 
prevented him from completing, the observations till the 
year 1861. 

In the year 1846 Mr. Faye, by observing with the 
equatorial of the Paris observatory the difference of right 
ascension between this star and that of another small star 
situated nearly on the same parallel, determined the 
parallax to be 1".08, and by this striking result drew the 
attention of others to the star. Peters, by discussion of 
his observations made at Pulkova with Ertel’s circle, 
subsequently determined its parallax to be 0",226, with a 
probable error of OMdl. Thi^ result is derived from 48 
zenith distances observed in 1842 and 1843. Mr. Wich- 
mann’s discussion of Schliiter’s observations gave a parallax 
of 0".18. M. Otto Struve, by micrometer measures of 
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differences of nortla polar distance made witli the great 
refractor in 1848 and 1849, found the parallax to he 0".08. 

In the year 1852 Mr. Wichmann published the results 
of his ne'w series of observations with , the heliometer 
made in 1851. In these observations he measured the 
distance between 1830 Groombridge and a small ' star a 
preceding by 84'_ in right ascension, a second star al fol- 
lowing it by 34' in right ascension, and a third star d' fol- 
lowing it by 30' in right ascension. -The result of his 
discussion- of the observations was that the parallaxes of 
the stars al and a" were of very small amount, hut that the 
parallax of 1830 Groombridge, amounted to 0".71, and 
that of the star u to 1".17. 

M. Peters has subjected the observations of M. Wich- 
mann to a critical discussion, and has shown that Wich- 
mann’s adopted temperature correction is probably too 
small. He considers the most trustworthy result de- 
ducible from the observations to be a parallax of 0".148 
for 1830 Groombridge. 

During the years 1852, ’53 and ’64, a long series of ob- 
servations of this star were made by Mr. Johnson with 
the Oxford hehometer, and these also present an anom- 
alous result, inasmuch as they assign a greater parallax 
to one of the stars of eomparison than to 1830 Groom- 
bridge ; and what adds to the perplexity is, that the star 
which appears to have the greater parallax in this case, 
is one of those which- in M. Wichmann’s researches 
appeared to be most distant. Mr. J ohnson’s results are 
a parallax of 0".26 for 1830 Groombridge, and of 0''.44 
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for tlie star , of comparison a% wliile tlie parallax of star 
a was considered to be insensible. * These results appear 
to indicate some imperfection in double-image measures 
of objects separated by large arcs, which still remains to 
be explained. 

* Mr. Henderson has attempted to determine the par- 
allax of Sirius from the observations made with the 
mural circle at the Cape of Good Hope in the years 1832 
and 1883, as also in 1836 and 1837, being in all 231 ob- 
servations. From these he has deduced a parallax of 
0".23. The error of this determination he estimates not 
to exceed a quarter of a second, from which he concludes 
that the parallax of Sirius is not * greater than half a 
second of space, and that it is probably much less. 

Numerous attempts have been made to determine the 
parallax of the pole-star. From a comparison of 603 
right ascensions of the pole-star observed by M, Struve 
and Preuss at Dorpat from 1822 to 1838, M, Peters has 
deduced a parallax of 0".17, with a probable error 
of 0''.03. From a comparison of the declinations of the 
pole-star observed at Dorpat from 1822 to 1838, M. 
Peters has deduced a parallax of 0".15 ; and by com- 
paring the right ascensions observed at Dorpat from 1818 
to 1821, he has deduced the parallax of 0".07, M. De 
Lindenau, from a comparison of 890 right ascensions of 
the pole-star, observed by different astronomers, deduced 
a parallax of 0M4, with a probable error of 0^06. From 
289 observations of the pole-star made at Pulkova in 1842 
and 1843 with the grand vertical circle of Ertel, M. Peters 
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has deduced a parallax of O'.OT. Taking the mean of 
all these determinatiotiSj M. Peters has obtained as a final 
result the parallax of the pole-star 0".106, or about one 
tenth of a second, a distance which light would require 
SO years to traverse. According to this result it must 
have. been 80 years after the pole-star was placed in the 
firmament before its light shone upon the earth ; and if it 
were now annihilated, it would still shine for 80 years 
longer to guide the mariner across the ocean. * 

M. O. Struve has recently announced that he has found 
the parallax of a Oassiopese to be 0^^.84: with a probable 
error of 0".06 ; and the parallax of a Aurigae to be 0".80 
■ with a probable error of 0".04. 

M. Peters has also attempted to determine the average 
value of the parallax of stars of the different magnitudes. 
For this purpose, he availed himself of the long series of 
observations made at Dorpat, and concludes that the 
average parallax of stars of the second magnitude is 
0M16. Combining this result with the relative distances 
of stars of the different orders as determined by M. 
Struve, we are enabled to estimate the parallaxes of the 
stars of the various orders, and hence their absolute dis- 
tances. The foUowing is M. Peters’ result for stars of 
the first six magnitudes : 


App mag. 

BLltudo. 

1 0".209 

2 0".116 

3 0".076 

4 0".054 
0".037 

6 0".027 


Distance in radii of 
the earth’s orbit. 
986,000 
1,7'78,000 

2.726.000 

3.860.000 

6.378.000 
7 616,000 


Time required for light to 
traverse this distance. 

16 years. 

28 “ 

43 

61 

86 “ 

120 “ 
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Thus light, wMcli trayels at the rate of 190,000 miles 
every second, requires 15 years to come to tis from stars 
of the first magnitude, and 120 years to come from one 
of those small stars -which are just visible to the naked 
eye. These results can, of course, only be regarded as 
provisional, until sufficient observations are collected for 
a more thorough investigation of the subject; but it is 
not too much to expect that ere long a similar table for at 
least the brighter stars may be constructed, founded on 
unquestionable data. 


8 
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SECTION II. 

OBSEEVATIONS OF NEW AND VARIABLE STABS* 

It Has long been known tHat among tHe fixed staxs are 
several wliicli experience a periodical increase and dimi- 
nntion of brightness. The star Omicron^ in the constella- 
tion Oetus, sometimes appears as a star of the second 
magnitude, but continues of this brightness only about it 
fortnight, when it decreases for about three monthS; till 
it becomes completely invisible to the naked eye, in 
which state it remains about five months, and then in- 
creases again to the second magnitude, the interval be- 
tween its periods of greatest brightness being about eleven 
months. The star Algol varies from the second to the 
fourth magnitude, going through its changes in leas than 
three days. More than forty such cases have boon no- 
ticed, although in many of them the change of brightness 
is not very remarkable. 

In the case of a few stars, remarkable changers oi* 
brightness have been observed, which have not been re- 
duced to any law of periodicity. The star ri (eta) Argfis 
is of this kind. This is a star of the southern hemiB]>hen^ 
in right ascension lOh. 39m. ; south declination 58'" 54/, 
In HaUey’s catalogue, constructed in 1677, it is marked 
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as of the fourtli magnitude ; yet iu Lacaille’s in 1751, and 
in subsequent catalogues, it is recorded as of tbe second 
magnitude. In tlie interval from 1811 to 1815, it was 
again of tbe fourth ; and agaiu from 1822 to 1826 of tbe 
second magnitude. In 1827, it increased to tbe first 
magnitude; it tbence receded to tbe second, and so con- 
tinued until tbe end of 1837. In tbe beginning of 1838, 
it suddenly increased in luster so as to surpass all tbe 
stars of tbe first magnitude except Sirius, Canopus, and 
Alpha Centauri, which last star it nearly equaled* 
Thence it again diminished, and in 1842, it was pro- 
nounced by Maclear as inferior to Alpha Crucis, but tbe 
next year it again revived, and became nearly equal to 
Sirius. 

These facts aflbrd abundant materials for speculation. 
The changes of brightness of rj Argils are spread over 
centuries, and apparently without any regular period. 
’W'hii.t can be the cause of these changes ? To this ques- 
tion we are unable to assign any satisfactory answer, 
and jnust wait patiently until a greater accumula- 
tion of facts shall 'afford us a more certain basis for a 
theory. 

Several instances are on record of tern/pordry stars ^ 
which have suddenly become visible, and after remaining 
a while, apparently immovable, have died away and left 
no trace behind. Such a star is said to have appeared 
about the year 126 B, C. Such stars are also recorded 
in the years A. D. 389, 945, 1264, 1672, 1604, and 1670. 
A similar phenomenon has recently taken place. On the 
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27th of April, 1848, Mr. Hind, of London, observed a 
star of the sixth magnitude in the constellation Ophiu- 
chus, 'where he "was certain that, up to the 6th of that 
month, no star as bright as the ninth magnitude pre- 
•viouslj existed. Neither has any record been discovered 
o£ a star being there observed at any previous time. Its 
place -was in right ascension, 16h. 51m. Is., south declina- 
tion, 12° 39' 14". On the 2d of May he estimated it to 
be of the fifth magnitude, or a little brighter, and there- 
fore distinctly "visible to the naJred eye. Its light was 
reddish in the telescope ; and Dr. Petersen observed that 
the reddish color at times increased suddenly in intensity, 
and again as suddenly disappeared. Other observers no- 
ticed these peculiar red flashes. On the 19th of May, Mr. 
Hind pronounced it fainter than when he first noticed it ; 
and on the 24th, it was ranked as a star of the sixth mag- 
nitude. The Messrs. Bond, at Cambridge, made a series 
of comparisons between this star and one of the fifteenth 
magnitude in its viciaity, and found that during three 
months of observation its position remained unchanged.' 
They remarked, “ This star resembles Antares, but its 
red is deeper. It is one of the most strikingly colored 
stars we remember to have seen. With a power of 1600 
it showed no sign of a planetary disc.” On the 15th of 
August they state, “This star appears to have decreased 
in brilliancy, and is now of the seventh magnitude ; its 
ruby red color still remains. It is at once recognized 
firom its neighbors by. its color alone." On the 23d of 
March, 1849, Professor KendaU, of Philadelphia, pro- 
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nounced this star to be of the eighUi magnitude. On the 
evening of June 4th, 1850, the writer made a careful sur- 
vey of all the stars in this vicinity, and found only one 
which could be estimated as high as the tenth magnitude, 
and this had no very decided red color. Hind’s star may 
therefore now be pronounced extinct. 

Hind’s star was not . many degrees distant from the 
place where a new star was seen in 1604. This star was 
first announced on the 10th of October, and it was seen by 
Kepler on the 17th. The star was perfectly round, with- 
out nebulosity or tail; its light was brighter and more un- 
steady than that of the other stars. After it had risen above 
the vapors of the horizon, its light was white. It not only 
surpassed stars of the first magnitude, but also Mars and 
Jupiter. Some even compared it to Yenus, but Kepler 
was not of this opinion. Observations proved that it had 
no motion or sensible parallax. On the 9th of November 
it was seen in a twilight which rendered Jupiter invisible. 
On the 16th, Kepler saw it for the last time, before its 
conjunction with the sun. On the 24th of December, it 
reappeared in the east with diminished brightness. It 
was still brighter than Antares, but inferior to Arcturus. 
On the 20th of March it appeared smaller than Saturn ; but 
it was much larger than the stars of the third magnitude 
in Ophiuohus. On the 18th of September it was smaller 
than the third magnitude, and on the 8th of October it 
could be seen with difidculty. A few days later it disap- 
peared in the sun’s rays. In January and February some 
observers thought they saw this star again, but without 
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being confident of it. In the month of March it could 
not possibly be seen, so that it must have disappeared be- 
tween October, 1605, and February, 1606. Mr. Hind’s 
star is about 12° north of the place of that discovered 
in 1604, and about 17 minutes of time less in right ascen- 
sion. 

Mr. Hind has recently announced another scarlet star, 
between Orion and Eridanus. Its place is in right as- 
cension 4h. 52m. 45s., declination 12° 2' south.. He says, 
“ I found this star in October, 1845, and have kept a close 
watch upon it since. It is of about the seventh magni- 
tude, and the most curious colored object I have seen.” 

In November, 1850, Mr. Hind discovered a new star of 
the seventh magnitude, of a fiery color, with a dull plan- 
etary aspect. Its place was in right ascension Ih. 22m. 
54s., declination 2° 6' north. This star is not in the 
Histoire Celeste, or Bessel’s Zones, nor does it occur on 
the star maps of the Berlin Academy. 

Mr. Hind, in the course of his observations in search 
of planets, has discovered fifteen new variable stars. Prob- 
ably most of these will be found to belong to the filaas 
of periodical stars. 



SECTION III. 

DISmiBUTIOW OF THE STABS IIT SPACE. 

» 

Befoee the invention of tlie telescope, it was impossible 
to acquire a very precise knowledge of tbe distance of 
tbe stars and tkeir distribution in space ; and even after 
tbe invention of tbe telescope, no one attempted to use it 
in any adequate manner to determine tbe constitution of 
tbe heavens, until tbe time of Sir William Herscbel. This 
astronomer, having tbe command of instruments far supe- 
rior to any who bad preceded bim^ undertook a series of 
exact observations, upon which to found a knowledge of 
tbe starry heavens. In 1784 be first advanced an hypo- 
thesis respecting tbe Milky Way, which was substantially 
as follows : The stars of our firmament, instead of being 
scattered in all directions indifferently through space, con- 
stitute a cluster with definite limits, in the form of a 
stratum, of which the thickness is small in comparison 
with its length and breadth; and in which the earth 
occupies a space somewhere about the middle of its thick- 
ness, and near the point where it subdivides into two 
principal laminm, inclined at a small angle to each other. 
Bor, to an eye so situated, the apparent density of the 
stars, supposing them pretty equally scattered through the 
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space they occupy, •would be least in the dii'cctioii ol ii 
visual ray perpendicular to the lamina, and greatest in 
that of its breadth; increasing rapidly in passing frotir 
one to the other direction, just as we see a slight hanc in 
the atmosphere thickening into a decided fog-bank near 
the horizon, by the rapid increase of the mero* length of 
the visual ray. 



Herschel was conducted to this view of the Milky Way 
by the following considerations. Supposing tho stars to 
be situated, in general, at equal distances from each other, 
the number of stars observed in the field of a tcloscopo 
ought to be about the same in all possible directions, pro- 
vided the stars extend in all directions to tho same tiis- 
tance. But if we have a stratum of stars at equal dis- 
tances fi:om each other, of a form whose thickness is small 
in comparison ■frith to diameter, then the n'umbcr of stars 
visible in the different directions, will lead us to a knowl- 
edge both of the exterior fwm of the s'tany stratum, and 
of the place occupied by the observer. For example, if 
within a certain circle of the heavens we count ten stars, 
and in a circle of the same diameter, taken in a diflbrcnt 
direction, we co'unt eighty stars "with the same "telescope, 
the lengths of the two visual rays will he in tho ratio of 
l-to 2, or the cube roots of 1 and 8. This is substantially 
Herschel’s method of star-gages, in which he employed a 
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telescope of 18 inclies aperture, witli a field of view of 
about a quarter of a degree. Herscbel made 3400 gages 
of this Mud. These gages indicate the number of stars 
visible in the field of his telescope, and from this number 
he deduced the corresponding lengths of the visual rays. 
Assuming the distance of the nearest of the fixed stars in 
accordance with the estimate of Struve, we find that, 
according to Herschel, the stars upon the borders of our 
stratum, in the constellation of the Eagle, are at such a 
distance as light requires 7000 years to traverse — ^,and 
from the remoter stars, light would require 18,000 years 
to come to us. 

The figure on the next page is designed to represent 
•the form of the nebula in which our own solar system is 
placed, according to the views advanced by Sir William 
Herschel. 

The great nebulae of the heavens, such as those of Orion 
and Andronleda, Herschel conjectured to be Milky Ways 
like our own, only of much superior dimensions. The 
nebula of Andromeda, which he concluded to be the near- 
est, he placed at a distance 2000 times greater than that 
of stars of the first magnitude. 

This hypothesis respecting the phenomena of the Milky 
Way, would be tenable, provided it were true, 1st, that 
the stars are uniformly distributed through space ; and 2d, 
that Herschel was able, with his telescope of 20 feet, to 
penetrate to the limits of our stratum. 

. With regard to the first of these hypotheses, we find 
that Herschel himself subsequently abandoned it as unten- 
' 8 * 
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able. In 1796, he says, “The hypothesis of a nniform 
distribution of the stars is too far from the exact truth, to 
serve as a basis in this research.” Again, in 1811, he 
adds, “The uniform, distribution of the stars maybe ad- 
mitted in certain calculations ; but when we examine the 
Milky Way, this equal distribution must he abandoned." 
And in 1817 he says, “ Although an increased number 
of stars in the field of the telescope is generally an indi- 
cation of their greater distance, my gages refer more directly 
to lihe degree of condensation of the stars.” 

As to the second of the above conditions, viz., that in 
his gages he was able to peneteate to the extreme limits 
of the Milky Way, Herschel’s views underwent an entire 
change in the progress of his researches. In 1817, speak- 
ing of some of his gages, he says, “It is plain that the 
extreme penetrating power of the 20 feet telescope was 
insu£B.cient to sound the depth of the Milky Way.” 
Again, in 1818, he says, “In these ten observations the 
gages were arrested in their progress by the extreme faint- 
ness of the stars. There is, however, no doubt respecting 
the further extent of the starry region. Tor if in one of 
the observations, a feeble nebulosity had been suspected, 
the application of a higher magnifying power showed that 
the doubtful appearance was caused by the blending of 
numerous stars, too small to be seen by the aid of a lower 
magnifying power. We hence infer that if our gages 
cease to resolve the Milky Way into stars, it is not be- 
cause its nature is doubtful, but because it is fathorr^less,” 
Thus we see that the hypothesis which Uerfichel an- 
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nounced ia 1785, ■with, regard to tlie eonstitxitioii. <>1 
Milky Way, and wMcb. is still connected with .Hcr- 
schel’s name in almost all the popular treatises on as- 
tronomy, was afterward sitbstardially abandoned bn ifn 
author. 

Quite recently, M. Struve, of Pulkova, has undertaken 
a discussion of the same subject, employing, as tho hasis 
of his researches, the most extensive catalogues of stars. 
He has determined, partly by enumeration, and jiartly by 
estimation, the number of stars of each class, as far as the 
ninth magnitude, and their distribution throughoxit the 
heavens. He finds that these stars are not uniformily 
distributed ; but that near the equator th.ey are most 
abundant, in the neighborhood of two points almost 
diametrically opposed, viz., in right ascension 6h. 40m., 
and 18h. 40m. The stars are least abundant near the 
diameter passing through Ih. 80m., and ISh. SOrn. This 
diameter makes an angle of 78° with the preceding. I'ho 
diameter of greatest condensation coincides' almost oxtictly 
with the position of the Milky Way ; thus proving that, 
the phenomena of the Milky Way are intimately con- 
nected with the distribution of the stars from tho finst t< t 
the ninth magnitudes, or rather that the two phenoincmi 
are identical. Herschel proved, in 1817, that tho Alilky 
Way was fathomless, even with his telescope of 40 foot. 
The same uncertainty respecting the limits of tho viHihlo 
stars exists in every part of the heavens, even toward tlm 
poles of the Milky Way. Hence, if we regard aU fhejitml 
stars whidh surround dw sm, as forming one grand sg.^Um, 
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that of the Milky Way^ we are entirely ignorant of its extent^ 
and have not the least idea of the external form of this im-- 
mense system. 

The two opposite points of the celestial sphere aroimd 
which the stars are observed to be most sparse, have been 
called the 0-alactic Poles ; and the great circle at right 
angles to the diameter joining these points, has been de- 
nominated the Galactic Circle, For convenience, we will 
express the distance of different points of the firmament 
from the galactic circle, in either hemisphere, by the terms 
north or south Galactic Latitude. 

The observations made in the northern hemisphere by 
Sir W. Herschel, and subsequently continued in the 
southern hemisphere by Sir J. Herschel, have supplied 
data for determining the law of the distribution of the 
stars according to their galactic latitude. The telescope 
used in these observations had 18 inches aperture, 20 
feet focal length, and a magnifying power of 180. It was 
directed indiscriminately to every part of the celestial 
sphere, visible in the latitude of the places of observa- 
tion. The observations of Sir J. Herschel were made 
during his residence at the Cape of Grood Hope, in the 
years 1834-8. About 2300 gages were obtained, dis- 
tributed with tolerable impartiality over the southern 
heavens. 

An analysis of the observations of Sir W. Herschel was 
made by Professor Struve, with a view of determining 
the mean density of the stars in successive zones of galac- 
tic latitude ; and a similar analysis has been made of the 
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observations of Sit J. Herschel. If we imagine the celes- 
tial sphere to be divided into a series of zones, each meas- 
nring 16° in breadth, and bounded by parallels to the 
galactic, circle, the average number of stars included 
within a circle 15' in diameter will be that which is 
giYen in the second column of the following table. 


Galactic Latitude. 

Average number of stars in a 
circle 15' in diameter. 

90®— 16° North, 

. 4.32 


. . . . 5.42 

60® — “ 

. 8.21 

45o__3oo » 

. 13.61 

300—16® “ 

. . . . 24.09 

160_ 0 ® “ 

. 63.43 

Gralactic Circle 

. 122.00 

0®— 16® South. 

. . . . 69.06 

150—300 

. 26.29 

30° — i6® 

. , . • . 13.49 

450 — 60 ® “ 

. 9.08 

60® — ’76® ‘‘ 

. 6.62 

*760—900 << 

. 6.06 

It appears, therefore, 

that the variation of density of 

the visible stars, in proceeding from the galactic polos, is 

subject to almost exactly the same law of decrease in 

either hemisphere ; the 

density being, however, some- 

what greater in the southern than in the northern hemi- 
sphere. 

M. Struve has attempted to form an estimate of the rel- 


ative distances of stars of the different magnitudes as de- 
duced from their number, supposing the stars to be dia- 
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tributed at uniform distances from each other along the 
middle of the Milky Way, and obtained the following re- 
sults : 


Magnitude of stars. 

Mean distance. 

Magnitude of stars. 

Mean distance. 

V 1 . 

1-0000 

6 . 


. 7-7268 

2 . 

1-8031 

7 . 


. 11-3262 

3 . 

2-7639 

8 . 

. 

. 19-6405 

4 . 

3-9057 

9 . 

. ' . 

. 31-2904 

5 . 

6-4645 

12 . 

. 

. 227-7820 


According to this table, the distance of stars of the sixth 
magnitude, which are just visible to the naked eye, is 
about eight times as great as that of stars of the first mag- 
nitude. The distance of stars of the twelfth magnitude, 
by which is meant those stars which were barely visible 
in Herschel’s twenty feet telescope, is 228 times as great 
as that of stars of the first magnitude. . 

Assuming the preceding relative distances, and also 
that the average parallax of a star of the second magni- 
tude is 0".116, we obtain the absolute distance of stars of 
each magnitude as given on page 168. 

Professor Bucke, of Berlin, has criticized these specula- 
tions of Struve with some severity. He thinks that 
they involve several hypotheses which are altogether 
unwarrantable. They assume, 

I. That the apparent brightness of the stars is the 
simple effect of distance, so that w© can assign the 
radius of the sphere within which the stars of each class 
are comprised. Encke objects to this assumption, 1. That 
it is contrary to the analogy of our solar system, in 
which the magnitudes of the planets are very unequal. 
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2. It is contradicted by the parallax of the stars so far as 
the same has been determined. The parallax of several 
stars of the fifth and sixth ipagnitudes is greater than 
that of most stars of the first magnitude. The star 61 
Cygni, of the fifth magnitude, has a parallax certainly 
greater than what Struve has given for the average 
parallax of stars of the first magnitude. 8. It is contra- 
dicted by the phenomena of the binary stars. There is 
a large number of double stars, which arc proved to be 
physically connected, and therefore both are situated at 
nearly the .same distance from the earth, while in most 
of them there is a perceptible disparity of brightness, 
and in some cases this disparity amounts to four mag- 
nitudes. 

II. The distribution . of the stars over the entire heavens 
is admitted not to be uniform, nevertheless such a 
•uniform distribution is assumed for the plane of the 
Milky Way, and the irregularities which we observe in 
it are regarded as in part unimportant, and in part 
ascribed to the eccentric position of the sun, and its dis- 
tance from the plane of the Milky Way. Hence it is in- 
ferred that from the number of the stars of a given bright- 
ness, we may determine the ratio of the radius of their 
sphere to that of stars of any other brightness. 

* These and several other hypotheses which are involved 
in Struve’s ■ reasoning, Professor Encke regards as alto- 
gether inadmissible, and he concludes that the mean 
parallax which Struve ascribes to stars of the first mag 
nitude (viz. 0^.209) is entirely unworthy of confidence. 
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Sir J. Herschel has computed from his gages, that the 
number of stars visible enough to be distinctly counted 
in the twenty feet reflector, in both hemispheres, is about 
five and a half millions. That the actual number is much 
greater than this, he infers from the fact that there are 
large tracts of the Milky Way so crowded as to defy 
counting the gages, not by reason of the smallness of the 
stars, but on account of their number. 

Sir J. Herschel, in counting the gages, not only set 
down the total number of stars, but the number for each 
magnitude down to the eleventh, and even for the es- 
timated half-magnitudes. Upon classifying the stars 
according to their magnitudes, it appears that the increase 
of density in approaching, the Milky Way is quite im- 
perceptible among stars of a higher magnitude than the 
eighth, and except on the yery verge of the Milky Way 
itself, stars of the eighth magnitude can hardly be said to 
participate in the general law of increase. For the ninth 
and tenth magnitudes the increase, though unequivocally 
indicated oyer a zone extending at least 30° on either side 
of the Milky Way, is by no means striking. It is with 
the eleventh magnitude that it first becomes conspicuous, 
though stni of small amount when compared with that 
which prevails among the mass of stars inferior to the 
eleventh, which constitute sixteen seventeenths of the totality 
of stars within thirty degrees on either side of the Milky 
Way. 

From these observations Sir j. Herschel draws the two 
following conclusions; viz. — *^lst. That the larger stars 
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are really nearer to us (taken en masse, and witlionf* deny- 
ing individual exceptions) than the smaller ones. Wc^rit 
this not the case, were there really among the iidiiiiti*. 
multitude of stars constituting the remoter portion cif tin's 
galaxy, numerous individuals of extravagant ainl 

brightness, as compared with the generality ol 
around them, so as to overcome the effect of dintance, and 
appear to us as larger stars, the probability of their oc- 
currence in any given region would increase with the 
total apparent density of stars in that region, and wotdd 
result in a preponderance of considerable stars in the 
Milky Way, beyond what the heavens really proBont over 
its whole circumference. 2d. That the depth at which 
our system is plunged in the sidereal stratum coBBtitiitirig 
the galaxy, reckoning from the southern surface or limit 
of that stratum, is about equal to that distance which, on 
a general average, corresponds to the light of a ster of 
the ninth or tenth magnitude, and certainly does liol 
exceed that corresponding to the eleventh.” 

This last conclusion seems clearly to assume, not only 
that onr Milky Way consists of a stratum of stars which hiw 
^determinate limits, but that these limits (at least in oertiyti 
directions) have been indicated by observation. It tines 
not, however, appear that such a conclusion is authoriKiHl 
by the gages. The number of stars of the smallest mug- 
nitude visible, increases rapidly even up to the poloH cjf 
the Milky Way, although this increase is most rapitl in 
the middle zone of the galaxy. The gages tliorofon^ in- 
dicate a condensation of stars in the neighhorhood of tlm 
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Milky Way, but n6t tliat our telescopes liave penetrated 
to tke boundaries of our stratum. Every increase in the 
power of our telescopes has hitherto disclosed new stars 
in every part of the heavens ; it is therefore unphiloso- 
phical to infer that such would not continue to be the 
case if we could command a further increase of telescopic 
power. It is, however, remarkable that those portions 
of the heavens which are most remote from the Milky 
Way are richest in nebulae and clusters of stars. In the 
neighborhood of the north pole of the Milky Way, within 
a region occupying about one eighth of the whole surface 
of the sphere, one third of the entire nebulous contents of 
the heavens are congregated. A large portion of these 
nebulae have been resolved into clusters of stars, and 
these stars, upon the principle that faintness is merely the 
effect of distance, must be inferred to be as near to us as 
the faintest stars of the Milky Way. 

On the whole, we must conclude that the stars, in every 
fpart of the heavens^ extend to a distance beyond the reach 
of the most powerful telescope hitherto constructed ; that 
therefore ike shape of that portion of space which the stars 
occupy is entirely unknown to us ; that within this space 
the stars are not uniformily distributed, and are most 
crowded in the neighborhood of a plane which we call 
the Milky Way ; that out of this plane the stars e:thibit a 
great many centers of attraction, about which an immense 
number of them are clustered ; but that the entire space, 
so far as we can perceive, is studded, though more 
sparsely, with stars. The material universe therefore ap- 
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pears to us boundless ; and astronomers, certainly of the 
present age, need not be apprehensive that they will ever 
witness the time when there will be no more worlds to 


conquer. 



SECTION IV. 


MOTION OF THE SUN AND FIXED STAES. 

To common observation, tbe fixed stars retain sensibly 
tbe same ■ relative position from age to age ; but the ex- 
act observations of modern astronomy bave detected a 
relative motion in a large number of tbem. A small star 
in tbe leg of tbe Great Bear (called 1830 Groombridge) 
bas an annual motion of seven seconds of arc as compared 
Tvitb neighboring stars ; and there are more than thirty 
stars known, whose annual proper motion exceeds one 
second. It might have been expected, a ^prkn-i, that mo- 
tion of some kind must exist among such a multitude of 
objects all subject to mutual attraction; and it appears 
highly probable, not to say certain, that the sun must 
participate in this movement. The effect of a motion 
of the sun, with reference to the stars, would be an ap- 
parent divergence or separation of those' stars toward 
which we were moving, and an apparent convergence or 
closing up of the stars in the region which we were leav- 
ing. We might therefore expect to detect such a motion, 
if it really exists, by comparing the proper motions of aU 
the stars in the firmament. In accordance with this idea, 
Sir William Herschel, iq. 1783, by a comparison of the 
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proper motions of sucIl stars as were tlien best ascertain- 
ed, arrived at tbe conclusion that tbe sun bad a relative 
motion among tbe fixed stars, in tbe direction of a point 
in tbe constellation Hercules, wbose right ascension is 
260° 84', and declination 26° 17' north. 

More recently, M. Argelander, by comparing the proper 
motions of 390 stars, has located this point in right as- 
cension 257® 35', and declination 36° 3' north. M. Luhn- 
dahl, by a comparison of the proper motions of 147 
stars, has obtained for this point, right ascension, 252° 
53', declination 14° 26' porth ; and M. Struve, by com- 
paring the proper motions of 892 stars, has located this 
point in right ascension 261° 22', declination 27° 36' 
north. ‘ The most probable mean of the results of these 
three astronomers is right ascension 259® 9', declination 
34° 37' north, which it will be seen does not differ greatly 
from the point originally assigned by Sir W. Herschel. 

Quite recently Mr. Gralloway has made a similar com- 
parison of stars visible in the southern hemisphere ; and 
firom the proper motion of 81 southern stars not em- 
ployed in the preceding investigations, he has located 
the point toward which the sun is moving, in right as- 
cension 260° 1'', declination 34° 23' north, a result almost 
identical with that obtained in the northern hemisphere. 

It seems then nearly certain iMit the apparent motion 
of these stars is due, at least in part, to a relatiYC motion 
of our sun, and the same observations afford us the means 
of estimating its velocity. According to Struve’s calcu- 
lations, this velocity is such as would carry it annually 



THE SUN AND FIXED STAES. 


191 


over an angle of one third of a second, if seen at right 
angles from the average dista,nce of a star of the first 
magnitude. If we assume the parallax of such a star as 
equal to one fifth of a second, we shaU find that the sun 
advances through space, carrying with it the whole 
system of planets and. comets, with a velocity about one 
fourth of the earth’s annual motion in its orbit. 

A great many questions here , naturally suggest them- 
selves. Is the sun’s motion uniform and rectilinear, or 
is it moving slowly in an orbit about some center ? Are 
tfie stars moving in straight fines, or in grand orbits? 
Have all the stars, including our sun, a common move- 
ment of rotation about some general center? This ques- 
tion has been examined by Professor Madler of the 
Hoipat observatory, and he has attempted to assign the 
center round which the sun and stars revolve, which 
center he places in the groi^) of the Pleiades. 

If we assume that the orbit described by our sun 
about the central point is a circle, this central point must 
be found on. the circumference of a great circle, whose 
pole is that point toward which the sun is moving, in 
right ascension 259^°, declination 84i° north. This circle 
cuts the Milky Way in the constellation Perseus, and 
Argelander conjectured the central point to be here in 
Perseus. The most remarkable cluster of stars- in this 
neighborhood is the Pleiades, and Madler conjectured 
tbat here might be the central point. Accordingly he 
determined the proper motion of the eleven principal 
stars in this cluster by comparing the observations of 
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Bessel with those of Bradley and other astronoraers- 
These motions exhibit considerable Tiniformity, and their 
direction is invariably toward the south. 

Madler next examined the 12 principal stars within 
five degrees of this group, and finds that 8 exhibit a 
decided southern motion, while in the other 4 the motion, 
is too small to be decisive, but in no case is the motion 
toward the north. Among thirty stars, between 6 and 
10 degrees distant from the Pleiades, Madler finds that 
20 are moving toward the south; while the motion of 
the remaining 10 is scarcely perceptible. Among 67 
stars, between 10 and 15 degrees from the Pleiades, 16 
are moving toward the south, while the motion of the 
remaining 41 is scarcely perceptible. ISTot one moves 
toward the north. Out of 66 stars, between 16 and 20 
degrees from the Pleiades, 30 have a decided southern 
motion, and 36 are undeci(^d. Thus, out of 176 stare, 
within 20 degrees of the Pleiades, we find 86 moving 
toward the south, and 91 whose motion is scaroely per- 
ceptible, hut not a single case in which there is a con^ 
siderahle motion toward the north. 

‘ Madler next examined all of Bradley’s stars between 
20 and 30 degrees ftom the Pleiades, of which thenumbex’ 
is 176 ; of these, 78 exhibit a motion toward the south, 
92 are uncertain, and 6 have a slow motion toward tho 
north, amounting in the most rapid case to only seven 
seconds in a century. Such a result Professor Madler 
considers a necessary consequence of his hypothesis. 
Since only small real motions are to he expected in the 
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neighborliood of the central point, the motions, which 
are only apparent, and therefore contrary to the solar 
motion, must preponderate for all stars between the sun 
and the Pleiades. 

The most rapid proper motions, according to this 
hypothesis, mxtst be _ sought for near the great circle 
described about the Pleiades as a pole | and accordingly 
we find near this circle two of the most decided of all 
.the proper motions hitherto discovered. 

Professor Madler accordingly infers that the central 
j)oint of the starry heavens must be placed’in the neigh- 
borhood of the Pleiades. This group is the nearest, the 
l)rightest, and the richest cluster in the whole heavens. 
Moreover, .Alcyone is the optical center of this group, 
and he infers that this is the star which combines the 
strongest probability of being the true central sun. 

Alcyone, known also as n Tauri, or 26 Tauri, is a 
double star of the third or fourth magnitude, in right 
ascension 3h. 38m., declination 23° 89' north. 

Assuming the parallax of 61 Oygni, as determined by 
Bessel, and that the sun and this star ate moving with 
the same velocity about Alcyone, Miidler has computed 
that the distance of Alcyone is 34 millions of times that 
of the sun, requiring 637 years for its light to come to 
us, although moving at the rate ' of twelve miUions of 
miles per minute. The periodic time of the sun about 
Alcyone is estimated at 18 millions of years; and the 
sum of the masses of all the stars within the sphere 
described about Alcyone as a center, with a radius equal 

9 
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to the sun’s distancej is 117 millLon times the mass of tlio 
sun. 

The preceding ' conclusions are certainly 'wontlcrlul ; 
but, unfortunately, they rest upon a very uusatislholor^y 
basis. Professor Madler has subjected the stors in iliii 
neighborhood of Alcyone to a very cai’cful cxamiitatioii, 
and finds decisive indications of the sun’.s rolativas ju<»ti»iji, 
as it had been previously established by tins hibora of 
Argelander and others. But beyond the ncighborixood ol‘ 
the Pleiades, the number of stars examined is altogether 
too small to form the basis of so important conclu-sions. 
Sir John Herschel pronounces it almost mconcoivubhs, 
that any general circulatiori of the stars can talco place 
out of the plane of the Milky Way, while the X^loiados 
are situated 20 degrees out of this plane. It is not, how- 
ever, presumptuous to expect that the problonx -wluoh 
Madler has propounded will one day bo resolved. A 
careful determination of the proper naotion of a con- 
siderable number of stars suitably situated in <lifferout 
parts of the heavens, could not fail to settle the (xnesHtion. 

M.- Struve has made a careful comparison oftho j)luci>.s 

the stars observed at Doipat, with their plaooH ;ih de- 
termined by other astronomers, for the purpose of dis 
covering their proper motion. The whole nmubor of 
stars which formed the subject of research amounted, to 
1662, of which there were 784 single stars and 928 double 
stars. Prom these researches, M. Struve couoludos that 
the angular motions of the different classt« of Btara arc 
inversely proportional to their distances, from wiiioli he 
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infers tTiat their linear motions are ©(jual. This he found 
to he true for stars situated in every direction of the 
heavens, by a comparison of the proper motions of the 
stars in the different hours of right ascension. 

The following table is founded on an examination of 
the proper motions of the stars of different magnitudes as 
deduced by M. Struve. 


MEAN MOTION IN ONE HUNDRED YEARS. 


Magnitude. 

Isolated Stars. 

It A. Dec. 

Binary Stars. 
K- A. Ddc. 

1 

34"2 

29".0 

56".6 

4V".0 

2 . . 

18".9 

16".l 

• . 30".8 

26".l 

3 

12".4 

10".6 

20".l 

17^0 

4 

8".t 


14".2 

12".0 

6 

6". 3 

6" 3 

10".2 

8"6 

6 , 


3'M 

C".0 

r>".i 

1 

2''.2 

1''.8 

8".5 


8 

1"A 

V'.2 

2".3 

2 .0 

9 

F.O 

0''.9 

I'.t 

l/'.6 



SECTION y. 


EESOLITTION OF EBMAEKABIB IfEBTOiE. 

The last few years have been remarkable for the pro- 
ducfeon of the largest telescope ever manufactured. Sir 
"WiUiaih Hersohel constructed, with his own hands, tele- 
scopes of 20 and 40 feet focus, with which he made some 
of the most brilliant discoveries recorded in the history 
of astronomy. But quite recently, the Earl of Eosse has 
completed a telescope- still more gigantic than the largest 
of Sir William Hersohel. He had previously constructed 
a telescope of three feet aperture, which received the 
highest commendation from Dr. Eobinson and Sir James 
South. In 1842, he commenced another of far superior 
dimensions, whose speculum was .six feet in diameter, 
and weighed 'Oiree tons. The materials of which itj is com- 
posed are copper and tki, united in the proportion of fif- 
teen parts of copper to seven of tin. The process of 
grinding was ctoducted under water, and the moving 
power employed was a steam engine of three home power. 
The substance made use of to wear down the surface was 
emeiy and water, and it required six weeks to grind it to 
afiiirsurfece. 

The tube of the telescope is 66 feet long, and is made 
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of vcrod one inci. thick, and hooped with iron. • The 
diameter of this tube is 7 feet. At 12 feet distance on 
each side of the telescope, a wall is built, 72 feet long, 48 
high on the outer Me, and 66 on the inner, the walls be- 
ing 24 feet distant from each other, and Ijing exactly in 
the meridian. When directed to the south, the tube may 
be lowered till it becomes almost horizontal; but when 
pointed to the north, it only falls tOl it is parallel with 
the earth’s axfe. Its lateral movements take place only 
firom wall to wall, and this commands a view for half an 
hour on each side of the meridian ; that is, the whole of 
its motion from east to west is limited to 16 degrees. The 
expense of this instrument was not less than twelve ikow- 
sand ^pounds. It has a reflecting surface of 4071 square 
inches, while that of Herschel’s 40 feet telescope had only 
1811 square inches. 

In March, 1846, Sir James South made a trial of tTn'g 
telescope, and gives the following account of his observa- 
tions: “Hever before in my life did I see such glorious 
sidereal pictures as this instrument afforded us. The 
most popularly known nebulae observed were the ring 
nebula in the Canes Venatici, which was resolved into 
stars with a magnifying power of 648, and the 94th of 
Messier, which is in the same constellation, and which 
was resolved into a large globular cluster of Stars, not 
much unhke the well-known cluster in Hercnles. On 
subsequent nights, observations of other nebulae, amount- 
ing to some thirty or more, removed most of these from 
the list of nebulae, where they had long figured, to that 
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of clusters ; wMte some of these latter exhibited a sidereal 
picture in the telescope such as man before had never seen, 
and which, for its magnificence, baffles all description.” 

In the Philosophical Transactions for 1844 , Lord Eosse 
has given some observations of nebulae- made with his 
three feet speculum, accompanied with drawings of the 
most remarhable objects. Among these is one which 
Sir John Herschel had figured as an oval resolvable 
nebula. Lord Rosse’s telescope exhibits it with resolvable 
filaments singularly disposed, springing principally fi:om 
its southern extremity, and not, as is usual in clusters, 
irregularly in all directions. It is studded with stars,, 
mixed, however, with a nebulosity, probably consisting 
of stars too minute to be recognized.’ This has been 
called the crab Tidmla. 

The Dumb Bell nebula, known everywhere by the 
drawing of Sir John Herschel, is seen to consist of in- 
numerable stars mixed with nebulosity ; and Lord Eosse 
remarks, that when we turn the eye from the telescope 
to the Milky Way, the similarity is so strildng, that it 
is impossible not to feel a conviction that the nebulosity 
in both proceeds from the same cause. 

The annular nebula in Lyra shows filaments proceed- 
ing from the edge of the ring, and also several filaments 
partly filling up the interior of the ring. By the, three 
feet speculum it was not resolved, but the filaments be- 
came conspicuous under increasing magnifying power, 
which circumstance is strikingly characteristic of a cluster! 
The nebula in the Dog’s Ear was • formerly regarded 
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as a representation of our own Milky Way, and altkough. 
unresolyed, it was by common consent considered a * 
migbty cluster. At the meeting of the British. Assobia- 
tioii in 184S, Lord Eosse showed a sketch of its appear- 
ance as seen ty aid of his six feet mirror. The former 
simple shape of this nebula is transformed into a saroU^ 
apparently tin winding with ' numerous filaments, and a 
mottled appearance, which looks like the breaking up of 
a cluster. 

The great nebula in Orion has been examined with 
every great telescope since the invention of that instru- 
ment, but tintil recently without the remotest aspect of a 
stellar constitution. Daring Sir John HerschePs residence 
at the Cape of Good Hope, he examined this nebula 
under the most favorable, circumstances, when it was near 
th€^ zenitli — But still there was no trace of a star, only 
branches added without number, so as almqst to obliter- 
ate the nebula’s previous fdrm. During the winter of 
1844r-6, Lord Eosse examined it with his three feet 
mirror witli the utmost care, but without detecting the 
vestige of a star. In the winter of 1845-6, the six feet 
tclescjdpe was directed, for the first time, to this wonderful 
object, and in March, 1846, Lord Eosse made the follow- 
ing announoement : “ I think I may safely say that there 
can bo little if .any doubt as to the resolvability of this 
nebula. We can plainly see that all about the trapezium 
iHamass of stars; the rest of the nebula also abounding 
with stars, and exhibiting the characteristics of resolv- 
abillty strongly marked ” - " ■' 
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Mr. Bond, -with the great telescope at Cambridge, has 
also seen this nebula partially resolved. To him the head 
of the nebula appears composed of several clusters of 
stars, the components being separately seen for a moment 
under favorable circumstances. 

Mr. LasseU observed the nebula of -Orion with his 
twenty feet equatorial at Malta under the most favorable 
circumstances. The following are extracts from his 
journal; 

“ 1852, Dec. 6. Viewed the nebula with powers 219 ; 260 
and 1018. With the latter power, a new phase was given 
to the nebula, which seemed hke large masses of cotton 
wool packed one behind another j the edges pulled out 
SO as to "be fflmy. 

“ Dec. 8. I applied a power of 1018, with which there 
is no appearance of resolvability’ The . whole aspect is 
that of a number of masses of fleecy cloud, thin at the 
edges, and packed one behind another, appearing .to.be 

a deep stratum of successive layers of nebulous sub- 
stance. 

“ Dec. 16. A few more steflar points, I believe, appear 
than I have mapped down in - my Starfield diagram, and 
the stars contained in those diagrams are very much 
bnghter. With power 1018, the wool-hke masses appear 
as I have previously described them, and there is no dis- 
position whatever in them to turn into stars.” 

The Great Kebula in Andromeda has also been care- 
fully observed with the Cambridge telescope. The most 
conspicuous features were the sudden Condensation of 
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liglit at tlio center into an almost star-like nucleus ; and 
tke vast number of stars of every gradation of brilliancy 
scattered over its surface, wbicb yet bad tbe undefinable, 
but still con-vinoing aspect of not being its components. 
It IS estixna*fced tbat above fifteen bundred stars are visible 
witb tbe fixll aperture of tbe object-glass witbin tbe limits 
of tbe nebula. Witb bigb powers, minute stars are -dis- 
covered on tbe borders of tbe nucleus, but it bas tbus 
far yielded no evidence of resolution. Minute descrip- 
tions, accompanied witb accurate drawings of botb these 
nebulae, bave been recently given by tbe Messrs. Bond in 
tbe Memoirs of the American Academy, Vol. HI. 

On tbe wlxole, it appears tbat tbe increase in tbe power 
of our telescopes bas ^dded to tbe number of tbe clusters 
at tbe expense of tbe nebulae properly so called ; still, as 
Lord Bpsse bas remarked, it would be very uns^e to 
conclude tliat sucb will always be tbe case, and tbence to 
infer tbat all nebulosity is but tbe glare of stars too re- 
mote to be separated by tbe utmost power of our instru- 
ments. Wlaile Lord Eosse’s telescope bas shown certain 
nebula to contain an immense number of stars, it has 
also revealed, to us new nebulous appendages of extreme 
faintness, wLiiob we must regard either as not composed 
of stars, or as composed of stars of very small absolute . 
dimensions. ^ 


9 * 
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PBOG-RBSS OP ASTRONOMY IN THE UNITED STATES. 


SECTION I. 

ASTRONOMICAL OBSERVATORIES IN THE UNITED STATES. 

It is but a few y eats smee practical astronomy began 
to be cultivated in tbe United States in an efSicient and 
systematic manner. Until recently, the instruments in 
our possession were but few and small, and tbe observa- 
tions wMcb' were made, seldom extended beyond tbe no- 
tice of tbe time of a solar or lunar eclipse, or tbe meiis- 
urement of a comet’s distance from neighboring stars with 
a sextant. 

Tbe most important astronomical enterprise undertaken 
in this country, during tbe last century, was tbe observa- 
tion of tbe transit of Venus in dune, 1-769. Upon the 
observations of tbis transit depended tbe more accurate 
determination of tbe sun’s parallax ; from wbicb is de- 
duced tbe distance of tbe eartb’ from tbe sun, and tlieiicc 
tbe absolute distances of all tbe'. planets. Only tliroc 
transits of Venus are known to have ever been seen by 
any human being. The first occurred in Deoemben 1689, 
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and was seen by but one individual, named Horrocks, 
wbo lived near Liverpool, England. Tbe next transit 
^ oocTirred in June, 1761, and was carefully observed in 
different parts of the world, and important conclusions 
were drawn from it as to the sun’s parallax. It was. 
known, however, that its next recurrence, which was to 
take place in 1769, would be under more favorable cir- 
cumstances, and several bf the governments of Europe 
sent astronomers to various parts of the globe favorably 
situated for the observations, France sent an astronomer 
to California, England sent astronomers to* Hudson’s Bay, 
to Madras, and to the Island of Otaheite, in the South 
Sea. Several Eussian observers were- stationed at 
various points of Siberia and the Eussian empire. 
The King of Denmark sent an astronomer to the 
Horth Cape, and the King of Sweden sent an observer 
to Finland. 

* * ■ 

The American Philosophical Society, in January, 17 69, 
appointed a committee of thirteen to observe this rare 
phenomenon. The . gentlemen thus appointed were dis- 
tributed into three committees for the purpose of making 
observations at three different places: viz,, in the city of 
Philadelphia ; at ISTorriton, 17 miles northwest of PhiladeL 
phial and the light-house, near Qape Efenlopen, on Dela- 
wa!re Bay. Dr. Ewing had th<3 principal direction of the 
observatory in the city, Mr. Bittenhouso at Norriton, and 
Mr. 0. Biddle at Gape Henlopen. Some money was ap- 
propriated by the Philosophical Society toward defraying 
fte expenses of the observations; hut this being fqund 
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insuflcient, aid was solicited and obtained froto tbe As- 
senably. Temporary observatories were erected, tolerably 
well adapted to tbe purposes for which they were design- 
ed. A reflecting telescope with a DoUond micrometer 
was purchased in London by Dr. Franklin, with the 
money voted by the Assembly; another of the same 
character was presented by Thomas Penn, of London ; 
and other instruments were supplied in sufficient num- 
ber. The observations at the three stations were all 
successful, and an account of them is given in the first 
volume of the 'transactions of the American Philosophical 
Society, 

For more than half a century after the transit of Venus, 
very little, if any, progress seemed to have been made to- 
ward the erection of a permanent observatory, or to- 
ward the procuring of large instraments such as modern 
astronomy requires. The firat direct proposition for the 
establishment of an observatory was contained in Mr. 
Hassler’s project for the survey of the coast, submitted to 
the Q-overnment through Mr. Gallatin, in the year 1807. 
The proposition met with no favon The original law, 
authorizing the survey, passed without any provision on 
the subject, and the law of 1832 expressly prohibits such 
an establishment. The late John Quincy Adams, in his 
first annual message in 1826, strongly urged this subject' 
upon the attention of Congress. After recommending 
the establishment of a N^ational University, he said : 

“ Connected with the establishment of. a university, or 
separate from it, might be undertaken the erectipn of an 
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astrononiical observatory, with provision for the support 
of an astronomer, to be in constant attendance of observa- 
tion upon the. phenomena of the heavens; and for the 
periodical publication of his observations. It is with no 
feeling of pride, aS an American, that the remark may be 
made that, on the comparatively small territorial surface 
of Europe, there are existing upward of one hundred and 
thirty .of these light-houses Of the skies; while through- 
out the whole American hemisphere there is not one. If 
we reflect a moment upon the discoveries which, in the 
last four centuries, have been made in the physical consti- 
tution of the universe by the means of these buildings, 
and of observers stationed in them, shall we doubt of 
their usefulness to every nation? And while scarcely a 
year passes Over our heads without bringing some new 
astronomical discovery to light, which we must fain re- 
ceive at second-hand from Europe, are we not cutting 
ourselves off from the means of returning light for light, 
while we have neither observatory nor observer upon our 
half of the globe, and the earth revolves in perpetual 
darkness to our unsearching eyes .?” 

This eloquent appeal from the chief magistrate of the 
country, in behalf of the cause of science, was received 
with a general torrent of ridicule ; and the proposition to 
establish a light-house in the skies became a common by- 
word of reproach* which has scarcely yet ceased to be 
familiar to the lips of men who glory in their own ^ame. 
So strong was this feeling that, in the year 1882, in re- 
viving an act for the continuance of the survey of the 
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coast, Congress was careful to append tbe proviso, that 
nothing in, the act shoidd he ■ construed .to authorize the 
construction or maintenance of a pernmnent astronomicahdb- 
servafory.” 


YAIB COLLEGE OBSERVATORY. 



A donation made to Yale College by Mr. Sheldon Clark 
is believed to have contributed somewhat toward that im- 
pulse which astronomy has recently received. In 1828, 
Mr. Clark made a donation of twelve hundred dollars to 
Yale ifellege for the purchase of a telescope. The tele- 
scope was ordered from Dollond, of London ; it arrived 
in 1830, and was' pronounced by the maker to be “per- 
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feet, and sucli an instrument as lie was pleased to send as 
a specimen of his powers.” This instrument has a focal 
length of 10 feet, and an aperture of 6 inches. The ob- 
ject-glass is almost perfectly _ achromatic. For objects, 
that require a fine light, as the nebulse and smaller stars, 
this instrument exhibits great superiorjljr, and its defin- 
ing power is equally good. It has a variety of eye- 
glasses, and a spider-line micrometer of the best con- , 
struction. 

The style of ^mounting of this telescope is not equal to 
its optical character. It has an altitude and azimuth move- 
ment without graduated circles, and is rolled about the 
room upon casters. The location qf the instrument was 
peculiarly unfortunate. It was placed' in the steeple of 
one of the college buildings, where the only view afforded 
of the he(|vens was through low windows which effect- 
ually concealed every object as soon as it. attained an alti- 
tude of thirty degrees above the horizon. Under these 
circumstances, the telescope has proved, less serviceable 
to science than might otherwise have been anticipated. 
On on;e occasion, however, circumstances gave this tele- 
scope considerable celebrity. ' The return of Halley’s 
comet, in 1835, was anticipated with great interest. The 
most eminent astronomers of Europe had carefully com- 
puted the time of its appearance, and the results of their 
computations had been spread before the public in all the 
popular journals. All classes of the community were 
impatiently watching to learn the result of these predic- 
tions. The comet was first observed in this country by 
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Professors Olmsted and Loomis,, mtli the Clark telescope, 
•weeks before news arrived of its having been seen in 
Europe. This was the occasion of. bringing prominently 
, before the public the importance of having large tele- 
scopes, with all the instruments necessary for nice astro- 
nomical observalions. It gave a new impnlse to a plan 
which had already been conceived of establishing a per- 
manent observatory at Cambridge,’ upon a liberal scale 

a plan, however, which req[uired the mornentum of 
a,nother and more splendid comet for its completiofi.. It 
Mndled anew the astronomical spirit of Philadelphia, 
and excited a desire for instruments superior to those 
which were then possessed. Indeed the importance of 
systematic astronomical observations was beginning to be 
somewhat generally felt, as well as the ^necessity of su- 
perior instruments for this purpose, and many embryo 
plans were formed for the establishment of astronomical 
observatories. ^ 

A transit instrument of five feet focal length and four 
inches aperture has recently been presented to Yale Col- 
lege by Mr. William Hillhouse, of Hew Haven ; but for 
want of a suitable buitdihg for its reception, this instru- 
ment lias not yet been, motinted. 

WILLIAKS COLLEGE OBSERTATOEIT, 

The first attempt to found a regular astronomical ob- 
mvatory m . tMs country was made in connection with 
Wfihams College, Massachusetts, by Professor Albert 
Hopkins. In 1886, Professor Hopidns erected a small 
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"building, consisting of a center -witli two wings, tlie whole 
being 48 feet in length bj twenty in breadth. The cen- 
tral apartment is surmounted by a revolving dome 13 
feet in diameter, and each wing has an opening through 
the roof for meridian instruments. Under the dome was 
placed a Herschelian telescope of 10 feet focus, mounted 
equatorially. The circle for right ascension was a foot in 
diameter; the decimation semicircle was 80 inches in 
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diameter. Both were made by Mr. Phelps, of Troy, New 
York, and read to minutes. In the east wing has been 
placed a transit instrument by Troughton, having a focal 
length of 50 inches, and an ape:iH)ure of thfee and a half 
inches. In the same room is a compensation' clock by 
Molineux, 

In 1852 an achromatic refracting telescope, having aix 
aperture of seven inches, and a focal length of nine and a 
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half fe.et, was presented to Williams College by the late 
Amos Lawrence, Esq., of Boston. The optical Tpart was 
manufactured by Mr. Clark, of Boston, and the mounting 
was furnished by Phelps. The instrument is mounted 
equatorially, and has a clock movement. . It will afford 
some indication of the excellence of this instrument to 
state that the sixth star in the trapezium of Orion has 
been seen by it. This telescope has been mounted under 
the dome of the* observatory in place of the former re- 
flecting telescope^ 

HUnSOH OBSERVATORY, OHIO. 

The .next experiment for an observatory was made in 
Ohio, in connection with the Western Eeserve College. 
Having been elected to the professorship of mathematics 
and astronomy in this institution in the spring of 18S 6, 
the writer was sent to Europe for the purchase of instru- 
ments and books,* and returned in the autumn of 1837 
with an equatorial telescope, a transit eircle, and a clock, 
During the next season a buUding was erected, which, 
though quite moderate in dimensions, was well suited to 
the accommodation oflthe instruments. The entire length 
of the building is 37 feet, and its breadth 16 feet. « The 
transit room is 10 feet by 12 upon the inside, having a 
sandstone pier in its center. The pier is entirely detached 
from thebuilding, and descends about six feet below the 
surface of the earth. The transit commands an unob- 
structed meridian from ninety degrees zenith distance on 
the south, to eighty-nine on the. north> 
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The center room is occupied by the equatorial. It is 
14 feet square on the inside, and is surmounted by a re- 
volvipg dome of nine feet internal diameter. The equa- 
torial pier descends six feet below the surface of the 
giround, and, like the transit pier, has a slope of one inch 
the foot. 
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The transit circle ■was made by Simms, of London. It 
has a telescope of 30 inches focal length, with an aper- 
ture of nearly three inches. The circle is 18 inches in 
diameter, graduated on platina to fire minutes ; and it 
has three reading microscopes, each measuring single 
seconds. 

The equatorial telescope, made also by Simms, has a 
focal length of fire and a half feet, with an aperture of 
about 4 inches. The hour circle is 12 inches in diametet, 
graduated to Single minutes, and reads by two verniers 
to single seconds of ^time. The declination circle is also 
12 inches in diameter, graduated to ten minutes, and 
reads by two verniers to ten seconds of arc. 

The clock "Was made by Mohneuaf, and bas a nierourial 
pendulum. The instruments were first placed in the ob- 
. servatory 'September, 1838, a,nd during the whole time 
of his residence in Ohio, the author pursued a systematic 
course of observations, as far as his ' engagements in the 
college would permit, and ‘without the advantage of an 
assistant. Among these observations may be mentioned, 
260' moon culminations for longitude, 69 culminations 
of Polaris for ■ ladtude, 16 occultations, 6 comets, ■with 
sufficient accuracy to afford a determination of their 
orbits, besides a great variety of other “objects, for reg- 
ulating the clock, etc. ■ 

The moon culminations observed at Hudson have been 
compared with European observations, as far as corre- 
sponding ones were iqade, and the following is the result : 
On 119 nights the moon‘was observed both at Oreen- 
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■wioli and Hudson ; on 107 nights it was observed both at 
Edinburg and Hudson ; on 95 nights at Cambridge (Eng- 
land) and Hudson ; on 88 nights ait Hamburg and Hudson ; 
and on 40 nights at Oxford and Hudson. The discussion 
of all these observations, the results of which are pub- 
lished in Gould’s Astronomical Journal, has furnished 
the longitT^de of Hudson from Greenwich with a pre- 
cision such as has rbeen attained at but few other places 
in the United States. 

In the summer of 1849, the observatory at Hudson 
was compared with that at Philadelphia by means of the 
electric telegraph, numerous signals having been trans- 
mitted to and fro on four different nights, and the differ- 
ence of longitude' between these places has thus been 
settled within a small fraction of a second. The accurate, 
determination of the geographical position of a single 
such place in a new State, affords a standard of reference 
by which a large surrounding territory is tolerably well 
located through the medium of the local surveys, 

PHILADELPHIA HiaH-SOHOOL OBSBRVATORT. 

The High-School observatory at Philadelphia was 
erected at about the same time with that of Western 
Reserve .College, but the instruments were not received 
until the autumn of 1840. In the year 1887, a com- 
mittee was appointedby the Board of Controllers 'of 
Public .Schools on the subject of establishing a Central 
High-School in Philadelphia. At. one of thb, meetings 
of the committee, Mr. George M. Justice proposed the 
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erection of an observatory to be attached to the school, 
and that the nse of astronomical instruments should be 
taught as a regular branch of study. -The committee 
unanimously adopted the suggestion, and placed the 
erection of the observatory and' furnishing the instru- 
ments under , the care of Mr. Justice. The Controllers 
placed at the disposal of the committee the sum of $6000 
to furnish the observatory. In accordance with, the ad- 
vice of Mr. Seats 0. W^alker, it Was decided to order thein- 
struments from Munich, in preference to London or Paris. 
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In the year 1838 a tower, about 45 feet high, was 
erected in the rear of. the school building, and was in- 
sulated 10 feet below the surface of the earth. The brick 
walls were three feet thick at bottom, and two and a half 
feet thick at top, and the diameter of the tower was 
about 12 feet in tiae clear. * It was surmototed by a 
dome 18 feet in diameter, weighing about two tons. The 
telescope rested on two marble' slabs, each weighing about 
a thousand pounds, which were supported by two strong 
cast-iron beams' that reached from the north to the south 
brick wall, and thus bound the two walls together. 

The equatorial, by Merz and Mahler, of Munich, is of 
eight feet focal length, and six inches aperture, with 
clock-work movement. The hour circle is nine inches 
in diameter, reading to four seconds, of time ; the declina- 
tion circle is 12 inches in diameter, reading to ten seconds 
of arc. This telescope is mounted like the celebrated 
telescope at Dorpat, and has a variety of powers to 480, 
with micrometers. • 

The meridian circle is by Brtel, of Munich, and was 
mounted on marbje pillars resting on the south wall of 
the tower. The telescope has an object-glass of five 
feet focal length, four and a half inches aperture, and is 
so constructed that the object-glass and eye-glass may 
be made to change places. It has two ciroles, each 
graduated to read by the aid of four verniers to two 
seconds of arc. The clock is by' Lukens, and has a mer- 
curial pendulum. The cost of the several instruments 
was as follows : equatorial telescope, $2,200; meridian 
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oixcle, $1,200 ; clock, $300 ; comet seeker, .$246 ; chro- 
nometer, $260. ■ ■ 

The erection of tHs observatory formed an epoch in 
the history of American astronomy, in consequence of 
the introduction of a clasE of instruments superior to any 
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•wMch had been hitherto imported. It introduced the 
instruments- of Munich fairly to the notice of the Ameri- 
can public ; and their superiority to the English telescopes 
■was felt to be so decided, that almost every large instru- 
ment. which has been since imported has been from the 
• same maters. In the hands of Messrs. Walter and 
Kendal], this observatory became celebrated, not only in 
America, but also in Europe. It has furnished 436 moon 
culminations, about 120 occultations of stars, and several 
series of observations for latitude ; together with numer- 
ous observations of comets, especially the great comet of 
1843. This was also an important station in several of 
the earlier telegraph operations for longitude. 

The ground occupied by the High School being needed 
for the accommodation of one of the railroads leading out 
of the city, the building and lot were sold in 1863, and a 
new lot wa,s purchased on Broad-street, about 250 rods 
north*from the former site. Here a new school building 
and observatory have been erected, and the instruments 
were set up. in the autumn of 1864. The following is a 
description of the new observatory : 

Eor the support of the instruments, two parallel piers 
of solid masonry, nearly at right angles to the plane of 
the meridian, each 16 feet wide and 2|- feet thick, were 
erected in the central front part of the building. They 
are 18 feet apart, being separated by the main entrance- 
hall and principal stairway ; the latter extending to the 
fourth story of the tower. The piers are inclosed and 
completely isolated, and extend from below the fouada- 

10 
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tions of the btulding to a height of 90 feet, terminating 
about one foot above the ceiling of the fourth story of the 
tower. They are tied ' together at each floor by wooden 
beams, and at the top by four cast-iron girders — a pair, 
four and a "half feet apart, being placed near each end. 

The observing room is 24 feet square, and is covered 
by a flat roof with the exception of the part occupied by 
the equatorial. 

The eastern pair of iron, girders are framed together 
midway between the piers, and upon this frame-work is, 
constructed of bricks and cement, a prism, four feet 
square at the base, reaching nearly to the floor, and from 
this point a cylinder, three feet in diameter, rises three 
feet above the floor. This cyhnder is incased in a drum 
of boiler iron. The marble stand of the telescope is im- 
bedded to a depth of 18 inches in the cylinder, and rises 
to a height of six feet and three quarters above it. The 
equatorial is covered by a hemispherical dor&e of 12 feet 
in diameter, constructed upon the plan of that of Mr. 
Campbell’s observatory in New York, with revolving 
table and steps attachedt To secure a firm support for 
the dome, a frame-work of cast iron is constructed below 
the floor, resting on the walls within the piers. IVom 
this frame-work, eight -equidistant cast-iron columns ex- 
tend to the ceiling, and upon these a substantial ring, 
12 feet in diameter, composed of wood and iron, serves 
as the foundation for the plate upon which t|ie dome re- 
volves. . 

, The western end ofrthe southern pier is extended to 
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within about one foot of the flooi'*, and is capped by a 
slab of marble, eight* inches thick, upon which the piers 
of the transit circle stand. In the direction of the meri- 
dian of the transit is a clear opening, 26 inches wide, in 
the roof and down the sides to within about two feet of 
the flo6r. Oh each side of the transit circle a flexible gas 
tube hangs from the ceiling. One- light is used to illumi- 
nate the wires of the transit, while the other is used in 
reading the circle. 

The clock is attached to the western wall, near the 
transit instrument, and is lighted by gas. 

Adjoining the observing room on the east, is a small 
apartment which serves as a library and computing room. 
This room is provided with a stove, for which reason the 
two rooms do not communicate directly with each other, 
but both open on the staircase leading from the fourth 
story to the observatory. ^ 

WEST POmr OBSEBTATORY. 

The West Point observatory was erected about the 
same time with that at Philadelphia. In 1839, a large 
building was erected for the accommodation of the library 
and philosophical apparatus, with three towers for the re- 
ception of astronomical instruments. The central tower 
jB surmounted by a traveling dome, 27 feet in diameter, 
and about 17 feet bigb. from tbe spring. It is pierced by 
five ■windovr-openings near tbe curb, and "an observing 
sbt, two feet wide, extending from a point four feet above 
tbe floor to nearly two feet on tbe opposite side , of tbe 
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zenith.- The dome rests on six twenty-four pound can- 
non-balls, which turn between two cast-iron fl.TiTm1q ,r 
grooves. 



In the two flank, towers, meridian observing slits are 
made, about 20 inches in the clear. These begin about 
two and a half feet from the floor, and extend through 
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tbe roof, tlius affording an nninterrupted view of tlie 
celestial meridian from -the soutliern to the nortliern 
horizon. 

In the year 1840, Professor Bartlett visited the prin- 
cipal observatories in England, Scotland, Ireland, Prance, 
Belgium, and Bavaria, and ordered three large instru- 
ments, viz., an eq^uatorial telescope, a transit instrument, 
and a mural circle: 

The equatorial, which was erected, in the central tower, 
was mounted hy Mr. Thomas Grubb, of Dublin. The_ 
telescope, made by Lerebours, of Paris, is a refractor of 
eight feet focal length, and six inches aperture. It has a 
position micrometer, furnished with an illuminating ap- 
paratus for bright lines and dark field. The ‘telescope is 
moved by clock-work, so that the object under ex- 
amination is easily kept in the center of the field of 
view. 

In the east tower is a transit telescope, by Ertel and 
Son, of Munich. It has a clear aperture of fife and a 
quarter inches, with a focal length of seven feet, and is 
supplied with all the appendages necessary to facilitate 
the making of observations. ■ There is in this tower a fine 
sidereal clock, by Hardy. . 

In the west tower is a mural circle, by Simms, of Lon- 
don. It is cast in one entire piece of brass, instead of 
the old mode of frame-work. Its diameter is five feet” 
and the graduations are upon two bands, one of gold the 
other of palladium. The telescope has a clear aperture • 
of four inches, and a focal length of five feet. It is pro- 
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vided with all the usual means of adjustment, together 
with a vertical collimating eye-piece, and an illuminating 
apparatus for dark field and bright lines. Professor 
Bartlett, the director of the observatory, has subjected 
this instrunieht to a severe, trial, and finds the probable 
error in the measurement of an angle of 60° to be but 
G‘'.22, exclusive of the prror of reading. There is also a 
sidereal clock in the same tower. 

A new refracting telescope, designed to take the place 
of the Grubb telescope in the central tower of this ob- 
servatory, has just been completed by Mr, Henry Fitz. 
This telescope has a focal length of 14 feet, and an aper- 
ture of nine and three fourths inches. It has seven neg- 
ative and .six positive eye-pieces, the highest magnifying 
power being 1000. The circles are each 20 inches in 
diameter, the hour circle reading to two seconds of time, 
and the declination circle to 20- seconds of arc. The price 
of this telescope was $5000, ■ ' 

Professor Bartlett made a series of observations on the 
great comet of 1843, which are' published in the “ Trans- 
actions of the American Philosophical Society.” He has 
also made numerous observations with the meridional in- 
struments, which have not yet been published. 

NAriONA]:. OBSBRTATORT AT WASHINOTON'. 

Soon after the completion of the West Point observa- 
tory, thb National observatory at Washington was com- 
menced. The origin of this establishment may be traced 
to the wants of the naval service. In the year 1831, there 
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was establislied at WasHngton a dep6t of charts and in- 
strunients for the. use of the navy. A small transit in- 
strument was erected in a small wooden building near the 
Capitol^ and used for the rating of chronometers. This 
d<5p6t was for several years under the superintendence of 
Lieutenant (now Captain) Wilkes. When, in 1888, this 
ofiScer took command of the exploring expedition, he rec- 
ommended that a series of observations should be made 
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in tMs country, during his absence, upon suet celestial 
plienomena as migM be aTa;ilabld for' tbe better determi- 
nation of Ms longitudes, and tbeir reference to some 
meridian at home. The government sanctioned the rec- 
ommendation, and the observations -were directed to be 
made at Dorchester by Mr. Bond, and at 'Washington by 
Lieutenant GiUiss. . This series vras continued until the 
return of the expedition, in 1842; 
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On Ms return from Europe, in 1840, Professor Bartlett 
made a report to the Engineer Department at Wasliing- 
ton on the observatories of Europe. In this repor^t be 
embodied the modern improvements in the construction 
of instruments, as well as the erection of observatories. 
He ^afterward prepared a -plan and estimates for an ob- 
servatory at 'Washington, for Mr. Poinsett, then Secretary 
ofWar. 

In 1842 was passed an Act of Congress authorizing the 
erection of a dep6t of charts and instruments for the navy, 
the expense being limited to $25,000. Lieutenant Gilliss 
was instructed by the Secretary of the Navy to present, a 
plan of a building, after consultation with the principal 
astronomers of the United States. The plan thus pre- 
pared was afterward submitted to the most eminent as- 
tronomejs pf Europe, and the model finally adopted em- 
braced such improvements as they had recommended. 
The observatory consists of a central building of brick, 
with wings upon the east, west, and south sides. The 
central building is 6(3 feet square, two stories high, with 
a basement, and is surmounted by a revolving dome 23 
feet in* diameter, with an elevation of 18 feet from the 
floor. Directly under the dome is the great pier, whose 
diameter at the base is 16 feet, and tapers gradually to 
the top, upon which rests the great equatorial. The cen- 
tral building, except the dome, is employed exclusively 
for pf&cial purposes. The west wing is 21 by 26 feet| 
and 18 feet high, and is appropriated to the meridian 
transit instrument. The east wihg ris 48 by 21 feet, and 
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• is divideiinto two rooms, in one of wHch are tlic mural 
circle and tiie meridian circle, and in the other are the 
chronometers. The wing on the south side is 21 by 40 



feet, in two apartments. In the first apartment is the 
transit in the prime yertical, and in the second apartment 
is the new refraction circle. In each of these wings is 
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a clock regulated to sidereal tima Immediately east of 
ike observatory is tte dwelling of tke superintendent. 

Tke great refracting telescope was made by Merz and 
Mahler, of Munich. The object-glass has a focal length 
of 15 feet, and an aperture of nine and a half inches. 
This telescope is .equatoriaUy mounted, and furnished 
with clock-work. It has a repeating filar micrometer, 
with eight eye-pieces, magnifying from 100 to 1000 times. 
The cost of this telescope was $6000, its object-glass 
alone being valued at $3,600. 

.The transit instrument has an. object-glass with a clear 
aperture of five and a half inches, and a' focal length of 
88 inches, furnished by Merz and Mahler, and the in- 
strument was constructed by Ertel and Son, of Munich. 
It is mounted upon large piers of granite, which rest 
firmly on a foundation of stone, extending ten feet below 
the surface of the ground. The cost of this instrument 
was $1480 ; the object-glass alone cost $320. 

The mural circle was made by Mr. WiUiam Simms, of 
London. It. is five*feet in diameter, made of brass, and 
cast in a single piece.. It is divided into spaces of five 
’ minutes each, upon a band of gold inlaid on the rim, or 
perpendicular to the plane of the circle. Placed at ec[ual 
distances round the bircle are six micrometer microscopes, 
with an acute cross of wires at their foci, for reading 
angMs less than five minutes. Five revolutions of the 
micrometer are designed to measure five minutes upon 
the circle. The micrometer heads being divided into 
sixty equal parts, each division’represents one second of 
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arc. The . object-glass of the telescope has a clear aper- 
ture of four inches, and a focal length of five feet. At 
its focus is a fixed diaphragm, containing seven vertical 
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wires and one lioxisionLtal wire. 'There is, also another 
diapliragm, movable by a micrometer screw, and fur- 
nished with five horizont^ and equidistant wires, by 
which the distance of any star from the fixed horizontal 
wire is measured as it passes through the field. The 
magnifying power ordinarily employed is 125. The cost, 
of the mural circle was $8,550. 

The meridian circle was made by Ertel and Son, of 
Munich. Its object-glass has an aperture of four and a 
half inches, with a focal distance of 58 inches. This 
instrument is provided with a circle 30 inches in 
diameter,, divided into arcs of three minutes, and reads 
by four microscopes to single seconds. The clock in the 
east ‘wing has a mercurial pendulum, and was made ' by 
Charles Frodshatn. 

The- transit in the prime vertical was made by Pistor 
and Martins, of Berlin. The object-glass of the telescope^ 
has a clear aperture , of five inches, with a focal length 
of 78 inches. The eye-tube carries a system of 2 hori- 
zontal and 15 vertical stationary wires, with one movable 
vertical wire. This instrument is mounted at one end 
' of its axis and outside of its supports. It is reversed 
from one side to the other twice during every observa- 
tion ; and though it weighs upwards of 1000 pounds^ 
so perfect is its system of counterpoises and the reversing 
apparatus, that a child can lift it from its supports, reverse 
and re;^laoe it in them, in less than one minute. The 
cost of this instrument was $1760. The clock in this 


280 


HISTORY OP ASTRONOMY. 


■wing Kas a gridiron pendulum, and was made by Charles 
Frodsham.,, 



PmME YBUTIOAL TILINBIT. 


The refraction circle was made "by Ertel and Son, from 
plans and drawings furnislied by Lieutenant Maury. The 
telescope is eight ^ and a half feet in length, with a clear 
aperture of seven inches. It is supported in the middle 
of the axis between two piers, and it has two circles of 
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four feet diameter, one on eacTi end of the axis, divided 
on gold into arcs of two minutes. Each circle is pro- 
vided with six reading microscopes. The telescope has 
two micrometers, one moving in azimuth, the other in 
, altitude. 

The comet-seeker was made^ by Merz and Mahler. 
It has an object-glass of about 4 inches in diameter, 
and with a focal length of 32 inches, with which low 
magnifying powers are used, that it may embrace a large 
field, and collect the greatest possible quantity of light. 
The cost of this instrument was $280. ■ 

In the fall of 1844, Lieutenant Maury was directed to 
take charge of the new “I)4pot of Charts and Instru- 
ments.” Lieutenant Maury commenced a regular and 
systematic series of observations upon the sun and moon, 
the- planets, and a list of fundamental stars, comprising 
those of the greatest magnitude and of the most favorable 
positions, to be used as standard stars. He also under- 
took observations for a most extensive catalogue of stars. 

This, work contemplates a regular ^nd systematic ex- 
amination of every point of space in the heavens that is 
visible at Washington, and of assigning position, color, 
and magnitude to every star that the instruments are 
capable of reaching. The following plan of sweeping 
was adopted: The telescope of the mural cirele is set 
in qltitude, and all the microscopes carefully read and 
recorded, and the eye-piece is moved up and down so 
as to cover a belt of about 50 minutes, in declination. 
The micrometer diaphragm is provided with a number 
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of parallel wires, tie iHterYals of wHclihave been care- 
fally determined. Thus, in whatever part of tlie field a 
star appears, a micrometer wire is close at land, and the 
star is bisected by tie nearest wire, while the time at 
which it passes the several vertical wires is also noted. 
The number of the bisecting wire, and the reading of tlie 
micrometer being now entered, the observation is complete. 

The observer thus keeps his eye^at the telescope, for 
hours at a time, and, under favorable circumstances^ ca.n 
observe with ease two or three hundred stars during tlie 
night. * The transit instrument, by means of a mi- 
crometer moving in altitude, is converted into a difference 
of declination instrument, and occupies the adjoining belt 
above the piural^ the two instruments being so set that 
ten minutes of declination are common to the field of 
both. The meridian circle in the same way occupies . the 
belt below the mural. The next night the instruments 
change places, and go over ‘ the same ground, e., the 
meridian circle covers the same belt to-night which on 
the former night ;was sw^pt by the mural. The two lists 
are immediately compared, and should it appear that any 
of the stars have changed their position,^ the large equa- 
torial is put in pursuit! to see. whether t^^ fixed 
stars or not. 

This great work contemplates the examination of every 
star down to the tenth magnitude in the entire visible 
heavens; and while it looks to the discovery of new 
planets and unknown stars, it also aims to detect the dis*- 
appearance ctf any stars found in existing catalogues. 
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In December, 1849, the nse of tbe electric clock was 
introduced at tbe ’Wasbington observatory, and the 
original method of observation . was somewhat modified. 
In the west transit instrument was inserted a new dia- 
phragm, having two systems of wires which included 76 
spider-lines,_ viz., one system of vertical and one system 
of inclined wires. Bach system is divided into groups 
of five wires each. By observing the transit of a star 
over a group of vertical wires, its right ascension is de- 
termined; and by observing its transit oyer a group of 
inclined wires, the difference of declination- between this 
and other stars similarly observed may be computed. All 
these observations are recorded on a fillet of paper by 
means of an electric circuit, by simply pressing a key 
as the star is seen to pass each of the wires of the transit 
instrument. 

Thtee quarto volumes .of Washington observations' have 
been published, viz., the observations for 1845, 1846, 
and 1847. 

The volume for 1846 contains 650 pages, and furnishes 
a full description of the instruments employed, illustrated 
by numerous engravings. It also furnishes a large num- 
ber of observations with the transit instrument, the 
mural circle, and the prime vertical transit. The volume 
for 1846 contains 676 pages, and besiiles obserYations, 
with the instruments used in 1846, furnishes also ob- 
servations with the meridian circle and equatorial. All 
these observation are carefully reduced, and the places 
of the sun, moon and planets, are compared with their 
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predicted places as given in the Nautical Almanac. The 
volume for 1847 contains 480 pages, and in its arrange- 
ment is similar to the preceding volume. These volumes 
have placed our hTational observatory in the first rank 
with the oldest .and best institutions of the same kind in 
Europe. But few observatories in Europe produce an 
equal, amount of work in a year, and in point of ac- 
curacy the observations compare well with those of 
foreign institutions. It is expected that the . volume for 
1848 win be ready for the printer some time during the 
present year, and that the succeeding volumes will fol- 
low with but little delay. 

The observations for the ’star catalogue have not yet 
been published. . The number of stars already observed 
is estimated at about 100,000, included between 16 and 
45 degrees of south declination. The want of sufficient 
force for reducing the observations has caused the delay 
in their publication. 

During the first two or three years of the operations 
of the observatory, IneUtenant Maury devoted consider- 
able time to pbserv^Etions, especially with the; prime ver- 
tical transit and equatorial ; but- for several years his 
time has been entirely engrossed by general superintend- 
ence, and he has been obliged to leave the observations 
to his assistants.j| It has been customary to assign a lieu- 
tenant and a professor of mathematics to each meridional 
instrument. Frequent changes have been made in the 
lieutenants employed at, the observatory; one set of 
■officers being ordered to sea, and another set being sent 
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to supply their place. But the professors of mathemat- 
ics have continued with tolerable permanence, and have 
acquired a corresponding familiarity with the instru- 
ments, and the computations growing out -of their use. 
The fillowing notices contain the names of those who 
have contributed most, to give character io the ob- 
servatory. 

. Professor John H. 0. CofSm graduated at Bowdoin 
College in 1834, and commenced duty at the observa- 
tory in January, 1845. He was immediately placed in 
charge of the mural circle, and devoted his time ex- 
clusively to that instrument ‘until 1851, when his eyes 
began to suffer from the severe usage to which they had 
been subjected, and he made but few observations after 
that time. In 1853 he was detached from the observa- 
tory, and ordered to join the Haval Academy at Annap- 
olis, where he is now employed in the department of 
instruction. Professor Coffin applied himself t(» his 
duties as an observer with indefatigable perseverance ; 
and the published volumes of the Washington observa- 
tions sufficiently attest the amount and value of his 
labors. 

Professor Joseph S. Hubbard graduated at Yale Col- 
lege in 1843, and commenced duty at the observatory in 
May, 1846. During the first year he had charge of ob- 
servations with the transit instrument; in 1846 he waS^ 
assigned to the meridian circle ; in 1847 he was trans- 
ferred, to the equatorial ; and since that time he has had 
charge of the prime vertical transit. Since 1860 he has 
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been oHefly employed in the reduction of back observa- 
tions. In 1852 and 1863 he undertook a series of 
observations on Alpha Lyrse for the determination of 
its parallax, but the unfavorable state of the weather 
during the month -of December, when the maximum of 
parallax' occurs, frustrated his expectations, and he was 
compelled to abandon the attempt. Professor Hubbard 
has contributed to the AstronomiccLl Jov/rndl various 
papers which -have secured him a high reputation among 
astronomers. Among these papers may be mentioned 
his researches on the great comet of. 1843 • on the orbit 
of Biela’s comet ; on the orbit of the planet Egeria, etc. 

Professor Eeuel Keith graduated at Middlebury Col- 
lege in 1846, and commenced duty at the observatory in 
August of the same year. He was immediately assigned 
to the meridian transit, and up to the present time has 
given his exclusive attention to that instrument. The 
published volumes of the observations show the fidelity 
■with which he has discharged the -duties assigned to 
him. 

Professor Sears 0. "Walker graduated at Harvard Uni- 
versity in 1826, and was attached to the observatory 
during the principal part of the year 1846. During ' 
this time he was mainly employed in computations 
respecting the planet Heptane; in the discussion of the 
'latitude of the observatory; in determining the error 
of standard thermometers, etc. 

^ Professor James Ferguson, for many years first as&tant 
in the department of the Coast Survey, became connected 
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with the observatory in 1848, and was immediately as- 
signed to the equatorial, of which he has had sole charge 
to the present time. He has made numerous observations 
of comets, and of the small planets, and has had the good 
fortune to discover a new asteroid, Euphrosyne, being 
the only instance in which a primary planet has been 
first discovered by an American observer. 


aEOKaETOWK OBSEEVATOKY. 



The erection of the Georgetown observatory was nearly 
cotemporaneous with that of the National observatory. 
In December, 1841, Eev. T. M. Jenkins offered a ^ dona- 
tion to the college at Georgetown for the purpose of 
building and furnishing an observatory ; and Eev. 0. H. 
Stonestreet offered to supply an equatorial. In 1842 the 
donations were accepted. . In the summer of 1848 the 
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foundations of the building . were laid, and it was fm- 
ished in the spring of 1844. 

The ground on which the observatory is built is 164 
feet above the level of the Potomac river, from which 
it is distant about half a mile. The central part of the 
building is 30 feet square on the outside, with connecting 
wings both on the east and west sides, each of them 
being 27 feet by 15, making the entire length of the 
observatory 60 feet. The central part is surmounted by 
a rotary 'dome 20 feet in diameter, which works on 
cast-iron rollers, 8 inches in diameter. The opening in 
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tlie dome is 2 feet wide, and is closed by 4 sbutters. 
Prom the cellar, throngb. all.tbe floors of this part of 
the building, rises a pier of masonry 41 feet Mgb. This 
pier is 11 feet square at the' base, and 6 feet square at 
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the top, and upon it rests the equatorial telescope, made 
by Simms, of London, which was received in 1849. The 
object-glass has a focal lengtli of 80 inches, and an 
aperture of nearly 5 inches, witL powers from 25 to 408. 
The hour circle is 16 inches in diameter, and reads to 
one second of time; the declination circle is 20 inches 
in diameter, and reads to five seconds of arc. The in- 
strument is supplied with clock-work, by which a celestial 
object may be kept continually in the field of view. This 
instrument cost $2000. 

The east and west rooms, which contain the meridian 
instruments, have meridian openings two feet wide 
through the roofs, and down the north and south walls 
to mthin two feet of the ground. In the west room is 
mounted, on sand-stone piers, a transit instrument, made 
by Ertel * and Son, of Munich, which was received in 
1844. The object-glass is four and a half inches clear 
aperture and 76 inches focal length. It has a reversing 
stand, by which the instrument can be reversed in a 
minute and a half. This instrument cost $1180, be- 
sides the expenses of transporting it fronj Munich. There 
is also in this room a good sidereal clock by Molineux, 
of London. 

In the east room is mounted on two massive piers a 
46 inch meridian circle, made, in 1846, by William 
Simms, of London, with a telescope five feet long, and a 
4 inch object-glass. The circle is graduated to five 
minutes, and there are four micrometers fixed to the 
eastern pier, reading to one second of arc. When the in- 
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strument is reYersed, the readings are made by a second 
set of microscopes, which are attached to the western pier. 
In the eye-tube are seven fixed and one movable vertical 
wire, with one fixed and one movable horizontal wire. 
The lowest eye-piece is used for a collimating eye-piece, 
by which the nadir point is determined by reflection 
from a vessel of mercury. The cost of this instrument 
was $2050. With this instrument there is a fine sidereal 
clock by Molineux, of London. 

This observatory is under the direction of Eev. James 
Curley, who commenced a series of transit observations 
in 1846. During the autumn of the same year, he made 
some observations of circurnpolar stars with the meridian 
eirole, for determining the latitude of the observatory. 
During the year 1848, M. Sestini, of Eome, was added to 
this observatory, and it was expected that the celebrated 
comet hunter M. De Vico, of Rome, would be associated 
with Mr. Curley. But these expectations were suddenly 
disappointed by the death of M. De Vico, which took place 
at London, in Hovember, 1848. ' 

In 1852, Mr. Qurley published a quarto volume of 216 
pages, under the title of ‘‘Annals of the Astronomical 
Observatory of Georgetown CoUege,” giving a descrip- 
tion of the observatory, as well as the transit instrument 
and meiidian.circle, and intimating that additional num- 
bers of the “ Amials” might be expected hereafter. 
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OIJ^CIHITATI OBSERVATOBY. 

The Cincinnati observatory owes its existence to the 
labors of Professor O. M. Mitchell. In the years 1841 
and 1842, a soeiety was organized in Cincinnati, called 
the Cincinnati Astronomical Society, the object of which 
was to fiirnish the city with an observatory. Eleven 
thousand dollars were subscribed in shares of twenty-five 
dollars each ; and a site for the building was given by 
Nicholas Longworth, Esq. It consists of four acres 6f 
ground on one of the highest hills on the eastern side of 
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the town. In June, 1842, Professor Mitchell visited 
Europe to purchase a telescope. At Munich, he found 
an object-glass of 12 inches aperture, which had been 
tested by Dr. Lament, and pronotinced one of the best 
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ever manufactured. This was subsequently ordered to 
be mounted, and was purchased for $9437. The instru- 
ment arrived in Cincinnati in February, 1845. In 
November, 1843, the corner-stone of the observatory 
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was laid by the venerable John Quincy Adams. Tho 
bmlding is 80 feet long and 30 broad. Its front presents 
a basement and two stories ; while in the center the hTiihl 
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ing nses three stories in heiglit. The pier is built of 
stone, and. is grouted from its foundation on the rock to 
the top. The equatorial room is 25 feet square, and is 
surmounted by a roof so arranged that it may be entirely 
1 euioved during the time of observations. 

I he object-glass o£ the telescope has an aperture of 12 
inches, and a focal length of 17 feet. The hour circle is 
16 inches in diameter; and reads by two verniers to two 
seconds. The declination circle is 26 inches in diameter, 
and divided on silver to five minutes, reading by verniers 
to four seconds. The instrument has five common eye- 
pieces and nine micrometrical, with powers varying from 
100 to 14:00. It is furnished with clock-work, by which 
X star is kept steadily in the field of view of the tele- 
scope. 

Ihrough the liberality of Dr. Bache, the superintendent 
of the United States Coast Survey, this observatory has 
ooon furnished with a five feet transit instrument; and a 
lew sidereal clock has recently been received. 

Professor Mitchell has hitherto devoted much of his 
line to the measurement of Struve’s double stars south 
»1 the equator. A number of interesting discoveries have 
Kvcn iimde in the course of this review. Stars which 
struvo marked as oblongi, have been divided and meaa- 
.rtnl; others marked double, have been again subdivided 
nd found to he triple; while a comparison of the recent 
iciiHures of distance and position with the measurements 
f Struve, has demonstrated the physical connection of 
uj components of many of these stars. ' 
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For the last two or three years the energies of Professor 
Mitchell have been devoted almost exclusively to railroad 
engineering, and the observatory has consequently been 
neglected. We trust that he will soon free himself from 
such groveling occupations, and again direct the of 

his powerful telescope to study the jnovements of distant 
worlds. 


CAMBRIDaE OBSERVATORY. 



The project of erecting an observatory in the neighbor- 
hood of Boston upon a scale corresponding with tho im- 
portance and dignity of astronomy, had for a long period 
been the subject of conversation among tbe friends of 
science. This was a favorite scheme with John Q. Adams, 
ITathaniel Bowditch, and others, and various plans had 
been proposed for carrying it into execution ; but it did 
not appear practicable to raise a sum of money sufficient 
to complete the plan upon the liberal scale which was de- 
sired. Something was needed to give a stronger impulse 
to the claims of practical astronomy. This impulse was 
given by the unexpected appearance of the splendid cornel 
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of 1843. In tlie montlx of March of that year, a comet 
with a long and brilliant train having made its appear- 
ance, the people of Boston naturally looked to the as- 
tronomers of Cambridge for information respecting its 
movements. The astronomers replied that they had no 
instruments adapted to nice cometary observations. This 
announcement, together with the knowledge of the exist- 
ence of good instruments in other parts of the United 
States, aroused the general determination to supply the 
deficiency. Definite action was taken in March, 1843. 

An informal meeting of a few individuals interested 
in the subject was held at the office of the American 
Insurance Company in* Boston. The proceedings of this 
meeting were cordially seconded by the American 
Academy of Arts and Sciences, and a full meeting of 
merchants and other citizens of Boston was subsequently 
held at the hall of the Marine Society, to consider the 
expediency of procuring a telescope of the first class for 
astronomical observations. At this meeting the question 
was decided in the afifirmatiye, and a subs6ription of 
twenty thousand dollars recommended to defray the 
expense. This amount was soon furnished. Mr. David 
Sears, of Boston, gave five thousand dollars for the erec- 
tion of an observatory, besides five hundred dollars 
toward the telescope. Another gentleman of Boston 
gave one thousand dollars for the same object; eight 
other gentlemen of Boston and its vicinity gave five 
hundred dollars each ; there were eighteen subscribers 
of two hundred dollars each ; and thirty of one hundred 
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dollars each, besides many smaller sums. The American 
Academy of Arts and Sciences made a donation of three 
thousand dollars ; the Society for the Diffusion of Use- 
ful Knowledge gave one thousand dollars ; the American, 



Merchants^, and Kational Insurance Companies and 
Humane Society gave five hundred dollars each; two 
other companies gave three hundred dollars each; one 
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gave two hundred and fifty, and another gave two hun- 
dred dollars. 

The Corporation of Harvard TJniversity purchased an 
excellent site for the erection of an observatory. The 
ground comprises about six and a half acres. The posi- 
tion is elevated about 60 feet above the general plain on 
which are erected the buildings of the University; and 
it commands in every direction a clear horizon, without 
obstruction from trees, houses, smoke, or other causes. 
Upon this spot, which is known as Summer House Hill, 
the Sears Tower was erected for the accommodation of 
the large telescope, with wings for other instruments, 
and a house for the observer. The Sears Tower is a 
brick building 32 feet square, resting on a granite found- 
ation. The corners of the towers are arched so as 
gradually to bring the interior into a circular form of 31 
feet diameter, surmounted by a granite circle, on which 
is laid an iron rail hollowed in the middle to serve as a 
track for the iron balls on which the dome revolves. 
The dome has a diameter of 30 feet on the inside, with 
an opening five feet wide, extending beyond the zenith. 
The shutters to this opening are raised and closed by 
means of endless chains working in toothed wheels. To 
the lower edge of the dome is affixed a grooved iron 
rail similar to the one laid on the granite cap of the 
walls, and the dome rests on eight iron balls, which had 
been smoothly turned, and were placed at equal dis- 
tances round the circle. Although this dome is es- 
timated to weigh about fourteen tons, yet it can be 
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turned through a whole revolution by a single iiulivulunl, 
without any very great exertion, in thirty-five sccojkIs. 

The central pier for the support of the tclcscoiw! is 
of granite, and is in the form of a frustum of a, cone 
22 feet in diameter at the base, and 10 feet at l.lu*. Ii))). 
It is 40 feet high, and rests on a wide foundation of 
grouting composed of hydraulic cement and coarse* 
gravel, 26 feet below the natural surface of the ground, 
and is entirely detached from every other part of the 
building. Upon the top of the pier is laid a circular 
cap-stone, 10 feet in diameter, and 2 feet thick, on whieli 
stands, by three bearings, the granite block, 10 leet in 
height, to which the metallic bed-plate of the toloscopc 
is firmly attached by bolts and screws. Five hundred 

tons of granite Were used in the construction of this 
pier. 

Upon the east side of this tower is a small wing for 
the accommodation of the transit circle and clock ; and 
on the north side is a similar wing, designed for a transit 
in the prime vertical. The house for the accommodation 
of the observer is connected with the east wing. The 
western wing is used for magnetic and metoorologitsal 
observations. This wing was erected in the ytmr.>^ 
1850-51, making the entire length of the building 1«0 
feet, and adds greatly to the architectural beauty of tiu^ 
observatory. In the small dome is placed the small(!r 
equatorial, of 5 feet focal length, and 4 and 1-8 inch 

aperture, made by Merz, which is a remarkably line 
instrument. 
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^I'aind Eefractor” was made by Messrs. Merz 
aiul Mahler, of Muuicb, Bavaria. They bound them- 
Bolvcs by coxxtract to make two object-glasses of the clear 
aperture, <>1 X5 inches, to be at least equal to that fur- 
iiislud iui noble instrument now mounted at the 

Russian observatory at Pulkova. On being notified of 
the completion of these object-glasses, the agent of the 
University , IIVIt. Cranch, of London, accompanied by the 
inBtrtnnexit-i'xia.ker, Mr. Simms, proceeded to Munich, and 
lifbT caielul trial and examination, made the required 
selcotiom TLe selected object-glass was received at 
Caxnbridgo in December, 1846; the great tube and its 
equatorial tnoxinting did not arrive until June, 1847. The 
obJcct-ghiBs of the telescope is 15 inches in diameter, 
and has 22 feet 6 inches focal length. Some of the 
eyo-piecea at:*e 6 inches long, making the entire length 23 
Th© telescope has eighteen different powers, rang- 
ing from lOS to 2000. The hour circle is 18 inches in 
diameter, divided on silver, and reading by two verniers 
to om Bocoxxd. of time. The declination circle is 26 


tnelioB in di^i,riaeter, divided on silver, and reads by four 
vernierB i<> jRour seconds of»arc. The movable portion 
cd* the telesoope and machinery is estimated to weigh 
iil)OUt tlirc^o tons. It is, however, so well counterpoised 
in eviuy position of the telescope, and the effects of 
friction aro so far obviated by an ingenious arrangement 
of :roll«r« balance- weights, that the observer can 


direct the iixBtrument to any part of the heavens by a 
nlight prcmtxre of the hand upon the ends of the balance 
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rods. A sidereal motion is given to the telescope l)v 
clock-work, regulated by centrifugal balls, by wliicli 
means a celestial object may be kept constantly in 
tbe field of view. The cost of this instrument was 
$19,842. 



' OAMBEIBQE EQTJATOBIAX. 


The optical character of this instrument has given 
entire satisfaction. The components of the star Gamma 
Goronae, which Struv^, with the Pulkova refractor, pro^ 
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noiinces most difficult to separate, being distant from eacli 
otbci* less tlian lialf a second, are seen in tlie Cambridge 
telescope distinct and round, and the dark space between 
tl'iem is clearly defined. The components of Gramma 
Androinedse, whicb. are distant from each other less than 
half a second, are also separated with equal distinctness. 
The companion of An tares, estimated to be of the tenth 
magnitude, and which was discovered by Professor Mit- 
chell with the Cincinnati refractor, is .quite conspic- 
uous with a power of 700. It was with this instrument 
Mr. Bond discovered the eighth satellite of Saturn, two 
days before it was discovered by Mr. Lassell, of Liverpool, 
with Ms Newtonian reflector of 24: inches aperture. He 
has also made satisfactory micrometric measurements of 
the satellite of Neptune, which is not known to have 
heen done with any other instruments except Mr. Las- 
selPs telescope and the Pulkova refractor. The minutest 
double stars in the neighborhood of the ring nebula of 
Lyra, mentioned by Lord Eosse as difficult objects with 
his 27 feet reflector, are seen in the Cambridge telescope. 
It has also partially resolved the great nebula in Orion, 
and shows a great number of stars within the limits of 
tho nebula of Andromeda. 

The transit circle was made by Simms, of London, and 
has been erected in. the east wing. It has two circles, 
each of four feet diameter, graduated on silver to five 
minutes, and reads to single seconds by eight microscopes 
cemented to the granite piers, four mieroscopes belonging 
to cacli circle. The object-glass, furnished by Merz'and 



252 


HISTOBY OF ASTRONOM Y. 


Maliler, has an aperture of four and one 
and a focal length of 65 inches. It has two didvroiit 
modes of illumination; one through tlic axin as usual, 
and the other at the eye-piece, showing bright wires on 
a dark field. Attached to the eye-piece are two microm- 
eters for measures both in altitude and in aziruutli. 

There is also belonging to the obserYatory a fine conun 
seeker, by Mer;?: and Mahler, having an apertuil of ibiir 
and a quarter inches. The wing on the north side oi‘ 
the tower is designed hereafter to receive a transit iit 
the prime vertical ; but this instrument has not yet been 
ordered. 

During the summer wof 1848, Mr. Bond being engaged 
with the United States Coast Survey in determining 
differences of longitude, turned his attention to the eleotro* 
magnetic method of recording astronomical observations. 
The apparatus adopted at this observatory consists of ft 
Grove’s battery, a circuit-breaking sidereal clock, and a 
“spring governor.” These are connected by means of 
wires leading to all the principal instruments. 

The springs governor is a machine devised to carry a 
cylinder with an equable rotary motion, so that it may 
make one entire revolution in one minute of sidereal 
time. A sheet of paper is wrapped round tlio cylintliu; 
and on this paper the commencement of each second is 
recorded in exact coincidence with the boats of the clock. 
The observer at each telescope is furnished with a break-* 
circuit key, by which means he is enabled to make a 
record of ■ his observations on the paper covering t.he 
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cylinder, among tlie second marks of tlie clock, in snch a 
manner that the tenths of a second may he read off with- 
out difficulty. 

The clopk signals are also readily connected with the 
lines of the telegraph offices, so that in effect the beats of 
the Cambridge clock are as distinctly heard at the offices 
in Boston, Lowell, and elsewhere, as they are within a few 
feet of the clock. The time is thus given all along the 
telegraph lines, and this is found highly useful in regula- 
ting the starting of the railroad trains. 

Mr. William 0. Bond, and his sou, George P. Bond, 
give their undivided attention to the objects of the ob- 
servatory. For the first four or five years after receiving 
their grand refractor they gave their whole strength to 
that class of observations for which this instrument af- 
fords peculiar advantages, such as the following: ob- 
servations of new planets ; the satellites of Saturn, Ura- 
nus, and Neptune ; double stars, especially such as have , 
considerable proper motion ; together with a general re- " 
view of the most remarkable nebulf©. They have pub- 
lished in the Memoirs of the American Academy, a de- 
scription of the great nebula in Orion, and that of Andro- 
3neda, accompanied with drawings of the most careful and 
elaborate execution. 

The younger Bond for several years maintained a con- 
stant and systematic search for comets. With the comet- 
seeker he swept over the entire heavens at least once a 
month, and whenever he found any nebulous body with 
which he was not familiar, it was subjected to a special 
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examination. He lias thus been, the indcjM'ndtnil, di.Hcsov- 
erer of eleven comets^ but unfortunately it suli,si>((iu‘nll v 
appeared that each of these, save one, had hcon pi-i - 
viously discovered in Europe. The comet of .Aiipjast, 21>, 
1850, he discovered seven days in advance of the 
European astronomers. Two other comets he (iiscovi'i-ed 
on the same night that they were seen in Europe, vi/-., 
those of June 6, 1845, and April 11, 1849. iraviuj 4 ' 
found this species of observation too severe a trial for hi -, 
eyes, he has for the last three or four years givoii up 
comet-seeking altogether. 

In April, 1852, the Messrs. Bond commenced a aorie.s 
of observations which contemplate the formation of a most 
extensive catalogue of stars down to the eleventh magni- 
tude. For this purpose they inserted in the focus of tin- 
great equatorial a thin plate of mica, upon which wer<* 
ruled a large number of parallel and o(juidistant liiu's, 
^designed to measure differences of declination ; and per- 
• pendicular to these they introduced three otluu' jiaralhd 
lines designed for observations of right ascension, ^rho 
telescope being fixed in the meridian, with the first set of 
lines parallel to the horizon, if the times of pas.sagi! of niiv 
number of stars over the vertical lines be observed, we 
shall have their differences of right asconsion ; and by ob- 
serving near which of the horizontal lines they traverse 
the field of the telescope, we shall obtain their difibrcnci-s 
of declination. The observations of right ascension, are 
all recorded by the eleotro-magnetic apparatus in tlu» 
manner already described. The method pursued, tluwi- 
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for«, by tlie observer, is first to fix the telescope firmly at 
any required altitude, and then applying his eye to the 
telescope, he observes each star in succession as it enters 
the field of view. One night’s work embraces a zone ten 
minutes in breadth, and having a length corresponding to 
tlic number of hours for which the observations are con- 
tinued. 

The Messrs. Bond design to include in their series all 
stars to the eleventh magnitude, and as many of the twelfth 
as can be got without interfering with the determination 
of the brighter ones. Each zone is observed a second 
time as soon as possible, in order not to miss any chance 
of fiiidi iig a planet which might happen to be in the way ; 
but as the object is not planet-hunting, this is not allowed 
to iiiterforo with the work, further than that missing starsS 
are noted and looked after. It seldom happens that 
the disappearance does not prove to have originated in 
some ftiistake. At the re-observations, all the particulars 
of the first observation undergo a revision, the original 
notes being read and compared as the star passes the 
field. All the double stars, nebulae, remarkable groups, 
vacancies, etc., are recorded. The comparison of the 
places of stars which have been previously observed at 
otlicr obsorvatories forms part of the reduction; and in 
this way tlioy have detected some cases of considerable 
jiroiicr motion. 

The Messrs. Bond have completed two entire zones 
(eacli twice observed) for the whole circuit of the heavens, 
irorn tlio equator to 20 minutes of north declination. 
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These have been completely reduced, and ^rere published 
in 1855, under the title of “ Annals of the Astronomical 
Observatory of Harvard College, voL I., part 2.” These 
two zones contain 5500 stars. . The Messrs. Bond are 
now carrying on simultaneously, and have nearly 
completed, two zones from 20 to 40 minutes north de- 
clination. 

The resources of this observatory have recently been 
very much increased by the munificence of Edward B* 
Phillips, a graduate of the University in the class of 1845. 
Mr. Phillips died in 1848, and bequeathed to the observa- 
tory $100,000 as a perpetual fund, the interest to be ap- 
plied annually to the payment of the salaries of the ob- 
servers, or for instruments, or* a library for the use of the 
observatory, at the discretion of the corporation of the 
college, who are made the trustees of the fund. This sum 
was paid to the college by Mr. Phillips’s executors in 
September, 1849. 

SHAEON OBSERVATORY. 

Sharon observatory is a private establishment belong- 
ing to the late Mr. John Jackson, situated near Darby, 
about seven miles west of Philadelphia. It was erected 
in 1845, is 17 feet square on the outside^ and rises to the 
height of 34 feet. At five feet from the top, two strong 
beams are placed across the building, and support a cir- 
cular platform of five feet diameter, on which the equa- 
torial stands. The tower is surmounted by a conical 
dome, which rests on four iron balls revolving in a cirou- 
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lax railway. The opening in the dome is 18 inches wide, 
and has three doors which slide over each other, and are 
tnoved hy cords passing over pulleys. 



8HAEON OBSBEVATOEY. 


The equatorial was made by Merz and Son, of Munich. 

It was ordered in 1842, and arrived in 1846. The ob- 
ject-glass has a clear aperture of six and a 4hird inches, 
and its focal length is nearly nine feet. It has a microm- 
eter with a large number of eye-pieces magnifying from 
86 to 456 times. The hour circle is 9 inches in diameter, 
and the declination circle is 13 inches. Clock-work is 
attaclied to the polar axis, giving to the telescope a uni- 
form motion, and keeping a star apparently at rest in the 
field of view. The entire expense of this instrument was 
$1833. 

This observatory is also furnished with a meridian 
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circle made by Young, of Philadeljihia ; I, lie "jus ; 

having been procured from Merz and Smi, of .Mnnirii. 

It is mounted on a marble column, renfing on .-oiid 
masonry, in the south wall of the towm-. 'Fhc ..l.jcu- 
glass is three and a quarter inches in diaanetm-, ami iia.s a 
focal length of four feet. One end oC the. u,x.i,s c.arrie.s a 
circle 20 inches in diameter, wliusli is gi-aduated fo idur 
minutes,* and reads by four verniers to three sccontls. 
The price of this instrument was $800. A sidereal <doeK 
is supported by a marble column near the meridian ciivle. 

It has a mercurial pendulum, and wiis made by Oropen- 
giesser, of Philadelphia. The entire cost of this olwervu- 
tory, with the instruments, was $4000. The equatorial is 
employed in the observation of eclipses, occultations, and 
other celestial phenomena. 

TUSCALOOSA OBSERVATORY, Al.ABAMA. 

The Tuscaloosa observatory was erected in tlio year 
1843, and has been furnished with instrnmenis fur tdi- 
servation of. a superior order. It is situated upon an 
elevation distant a few hundred yards from tlm Univer- 
sity buildings, in a south-west direction. It is built of 

brick, and is 66 feet in length by 22 in breadth in the ‘ 

center. The central apartment k 22 feet scjuani, and i. 
surmounted by a revolving doRio of 18 foot iutoruid 
diameter, under which is mounted the equatorial f 4 '!. - 
scope made by Simms, of London. This i.mtrunmnt was 
received m the spring of 1849. Ita objccUghwH has a 
clean aperture of eight inches, and a focal length of Hi 
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feet. It rests upon a pier of masonry wliicTi rises 11 feet 
above the floor of the room. The hour circle has a 
diameter of 18 inches^ with verniers which read to one 
second of time. The declination circle has a diameter of 
30 inches, with verniers which read to five seconds of 
arc. This instrument is moved by clock-work, and has a 
variety of magnifying powers from 44 to 1640 ; also a 
filar micrometer, and a double-image micrometer. A 
movable platform runs around the room at the height of 
eight feet from the floor, and gives easy access to the 
object-end of the telescope and the graduated circles. 
This telescope cost £800 sterling. In the same room is a 
clock with mercurial compensation by Molineux, of Lon- 
don, which is attached to a solid pier unconnected with 
the floor or walls. 



T080ALOO8A OJiSIlBVATOBT. 


The west wing is 16 feet square, and is occupied by a 
transit circle mad© in 1840 by Simms, of London. Its 
telescope has a focal length of five feet, and an object^ 
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glass of four incb.es clear aperture. Its axis (carries a 
circle of three feet diameter, conneckMl ^vitli it 
stout conical radii. The circle is grad n aft si upon silv^'r 
to five minutes, and reads by four inuu‘(>s<‘op(*s fo singl*' 
seconds. The whole instrument is in()uiit(^d upon iuas;dvo 
cast-iron pillars, which rest upon masonry, and rise livf‘ 
feet above the floor. ’An opening 18 mdies widi^ w etii 
through the roof, and extends down th<‘ north am! 
south walls to within 80 inches of the floor. In tin* 
same room is an excellent sidereal clock bj Dent, of 
London. 

The east wing is fitted up for an office, with fire-placo, 
cases for books, etc. 

Beside the fixed instruments hero mentioned, the ol>- 
servatorj possesses a portable transit instrument, an 
achromatic refractor of 7 feet focal Icngtli, a reileoting 
circle of 10 inches diameter, standard barometer, etc. 

The University has a separate building for a magnetic 
observatory, and possesses a declination instnimmit and 
a dipping needle, both made by Giunboy, of I’ariH. 

MR. RTTTHBRB’OED’S OBSBEVATOIIY. 

There is a private observatory, erected in the uiumt 
part of the city of Uew York, corner of awnd Avcnti.- 
and Eleventh-street, belonging to Lewis M, liutiitufuni, 
Es^. It IS furnished with a refiracting telm-oiMr, ma.h^ In- 
Henry Eitz, of New York. The aperture of the ohim.i.- 
glass IS nine inches, and its focal length nine and « half 
teet. It was mounted equatorially, with clock- woik, like 
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tbe Dorpat telescope, by Messrs. Gregg and Enpp, of 
New York, bour circle is eighteen inches in 

diametcrj an cl the decUnation circle eleven inches. The 
telescope bas four eye-pieces, the highest magnifying 600 
times. The price of this instrument, including clock- 
work and naiorometer, was $2,200. The telescope rests 
upon a bricfe: column, surmounted by a revolving dome 
of twelve feetr diameter. 

Connected -with this observatory is a small building 
containing a transit instrument by Simms, belonging to 
Columbia College. The telescope has an aperture 'of 
nearly three imches, and a focal length of four feet. It is 
mounted upo rL two stone columns, resting upon a solid 
foundation of sandstone. An opening in the roof affords 
a view of aboxit 160 degrees ^of the meridian. In a small 
wing of this iDuilding is a stone column, upon which is 
placed an altitude and azimuth instrument by Simms, 
also belonging to Columbia College. The horizontal and 
vertical circles are each fifteen inches in diameter, 
graduated to jGLve minutes, and, reading by two micro- 
scopes to one second of arc. The telescope has an aper- 
ture of two inches, and a focal length of twenty-four 
inches. 

During tlie summer of 1848, this observatory vras 
employed by the Coast Survey as a station for determin- 
ing tbe diffeirexice of longitude between Oambridge and 
New York by* means of the eleotric telegraph. 
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FRIENDS’ OBSERVATORY, PHILADELPHIA. 

This observatory is situated in the city of PJiil.'.idi!lj)liia, 
about 400 feet east of Independence Hall. It was built 
in 1846, and has a revolving dome fifteen lecsl; in 
diameter. In the center is the stand for the equatoriul, 
which rests on the walls of the building, nnoonnectod 
with the floor of the observatory. The princi 2 )al instru- 
ment is a refracting telescope of five inches aperture, and 
seven feet focal length, made by Henry Fite, of Now 
York, and mounted eq^uatorially after the manner of 
Fraunhofer, by William J. Young, of Philadelphia. The 
hour circle is nine inches in diameter, and the declination, 
circle twelve inches. 

A twenty-inch transit instrument is permanently phiccd 
on a pier built on the wall of the building. A clock, 
with a mercurial pendulum, made by J. L. GropongieHsesr, 
of Philadelphia, is placed on a pier adjoining the transit 
instrument. The observatory has also a portable refract- 
mg telescope of three inches aperture, and forty-two 
mohes focal length, ma,de by Chevalier, of Paris, and a 
comet-seeker of three inches aperture, mounted on a 
tripod, made by Henry Fitz, of New Yofk. 

Smee the establishment of this observatory, ooculta- 
tions, eclipses, etc., have been regularly observed by the 
director, Mr. Miers Fisher Longstreth, who has recmit.lv 
distinguished himself by his successful labors in the 
construction of new Lunar Tables. 
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AMHERST COLLEGE OBSERVATORY. 



A small building for astronomical observations was 
erected in 1847 in connection with. Amherst College, 
Massachusetts. This building consists of an octagonal 
tower fifty feet high, and seventeen feet in diameter, with 
a revolving dome, and a central pedestal for supporting 
a telescope. On the east side of the tower is attached a 
transit room, 13 by 16 feet, with a sliding roof. Here 
is mounted a transit circle, made by Grambey, of Paris, 
the telescope having a focal length of about three feet, 
and an aperture of two and a half inches. The circle 
is fifteen inches in diameter, graduated to five minutes, 
and is furnished with four verniers reading to three 
seconds. The clock was made by Breguet, and has a 
gridiron pendulum. 
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A large telescope, manufactured by Mr. Alvan Clark, 
of Cambridge, Massachusetts, has recently been received, 
and mounted under the dome. The aperture of this 
telescope is seven and a q^uarter inches, and its focal 
length eight and a half feet. A block of stone, -weighing 
about 1800 pounds, standing on the top of the brick 
pier, supports the instrument. The top of the stone is 
level, and a frame of cast-iron, clamped to the stone, 
sustains the polar axis. The clock, which gives the 
equatorial movement, is let into the top of the stone, 
and is regulated by a pendulum, while- the motion is 
rendered continuous and nearly uniform by means of an 
elegant contrivance of Professor W. 0. Bond, called the 
spring governor. With this telescope Mr. Clark dis- 
covered two new double stars, in one of which the dis- 
tance of the components is but three-tenths of a second. 
This instrument cost $1,800, and was presented to Am- 
herst College by Hon. Rufus Bulloch, of Royalston. 

CHAELESTON OBSBEVATOET, SOUTH OAROLIHA. 

This observatory was built by Professor Lewis R. 
Gibbes, in his own garden in Charleston. It is a woodffla 
building of 10 by 16 feet, -with a sliding roof. It con- 
tains a five feet transit instrument, by Troughton, solidly 
mounted on a pier of red sandstone, and commands the 
meridian to within ten degrees of the horizon on either 
side. There is also a five feet telescope, by Adams, of 
London, mounted equatorially, and provided with a po- 
sition micrometer, by Troughton and Simms, and two 
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chronometers, by Hutton, of London, one sidereal and 
the other solar. The instruments all belong to the Ooast 
Survey, except the equatorial telescope. 

Observations were commenced by Professor Gibbes in 
April, 1848, on moon culminations and occultations for 
the use of the Coast Survey, and have been continued 
to the present time. In February, 1860, this observatory 
was connected by the telegraph wires with the obser- 
vatory at Seaton Station, Washington City, for difference 
of longitude by the eleotro-chronographic method. In 
March, 1861, it was connected in a similar manner with 
a temporary observatory in Savannah, G-eorgia, and a 
successful series of observations made for the difference 
of longitude of the two stations. During the winter and 
spring of 1862, another telegraph comparison for longi- 
tude was made between Charleston and Washington, 
which proved entirely successful. 

DARTMOUTH OOIiLEOB OBSERVATORY. 

The^ founding of Dartmouth Ooilege observatory was 
due chiefly to the munificence of the late George C* 
Shattuck, M.D., LL.D., of Boston, who. furnished the 
means for the erection of the building, the purchase of 
the meridian circle, the comet-seeker, a chronometer, etc., 
together with a large part of the books belonging to the 
library* The site of the building is near the summit of 
an isolated hill, about *60 rods north-east of the college 
green, and elevated 70 feet above it, commanding a 
charming prospect up md down the Valley of the Oonnec- 

12 
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ticut. The principal south meridian mark is situated on 
the hare summit of a hill two miles distant, at an eleva- 
tion of less than two degrees above the level of the transit 
circle. 



DARTMOUTH OOLLEGl’oiJSJflBVATOEY. 

The observatory is of brick; with double walls fifteen 
inches thick, inclosing a sixrinch space of air between 
them ; and, as the cornice and the partitions are also of 
brick, and the roof covered with tin, it is nearly fire- 
proof The building consists of a central two-story ro- 
tunda, 20 feet in diameter, with three one-story wings—— 
one on the east, measuring 35 by X6 feet, and the other 
two on the north and soiith, each 20 by 16 feet. The 
foundations of the walls and of the piers all rest upon 
the sohd rock— sienitio gneiss— at depths varying from 
zero to 14 feet below the underpinning. The lower oir 
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ciilar room in tie rotunda, 17 feet in diameter, is in- 
tended for a library, and communicates directly with the 
observer s rooms in the north and south wiiigs. The 
square brick equatorial pier, foui- feet in diameter, rises 
through the middle of the room without touching the 
flooring or ceiling, and- is capped with a cylindrical 
granite block nearly 6 feet in diameter, and 16 inches 
thick. The pier contains a recess, having double glazed 
doors, and a space of dead air on all sides, for the recep- 
on of a clock, to be connected jvith an electro-chrono- 
g.'tr h. The pier is also surrounded by the book-shelves, 
■which are entirely detached from it. 

The observer’s rooms are in the north and south wings, 
and are each 21 by 14 feet, and have each a slit in the 
i-oof two feet wide, the north one having a corresponding 
pier for prime vertical observations. 

The transit room, 18 by 14 feet, in the east wing, has 
two slitSj the eastern one having a corresponding pair 
of piers for the meridian circle, and the other a single 
pier for the use of portable instruments. The entrance 
iial], 14 by 11 feet, in the center of the building, opens 
directly into all the rooms except the library. 

The foundation for the dome of the equatorial room 
consists of circular segments of planks, firmly secured 
together, and bolted to the walls below. Upon this, 
and directly over the middle of the inner wall, are 
screwed twelve segments of a circular cast-iron rail, 
tlnree inches wide, with a circular channel three eighths 
of an inch deep. Between this and a corresponding 
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Tail attaclied .to the base ring of the dome, are placed the 
six cannon-balls, each six inches in diameter, on Tvhich 
the dome revolves. The dome itself is a complete hemi- 
sphere, 18 feet in diameter. The opening for the tele- 
scope is two and a half feet wide, and extends one foot 
beyond the apex of the dome. The opening for the 


W 



telescope is closed by three shutters ; the upper one, 
about 10 feet long, moving on casters over an iron rail- 
way on the outside of the dome. The two lower ones, 
about two and a half feet each, rise and fall , by means 
of weights in lihe manher of common window-sashes. 
The entke dome is estimated to weigh about 2800 
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pounds, and tlae average force necessary to preserve a 
uniform velocity of rotation .is found, by experimenting 
with spring steelyards, to be about six pounds* 

The equatorial telescope was made by Merz and Sons, 
of Munich; and has a clear aperture of six inches, W"ith 
a focal .length of eight and a half feet. It has seven 
negative eye-pieces, magnifying from 36 to 600 times; 
a single lens magnifying 940 times ; a prismatic reflector, 
to which these pieces are all adapted ; and a terrestrial 
eye-piece, magnifying 80 times. It has two micrometers, 
one a ring micrometer, the other a filar position microm- 
eter, having 11 equidistant fixed lines perpendicular to 
the two movable ones, and may be illuminated in either 
a dark or bright field at pleasure. It has five positive 
eye-pieces, magnifying from 128 to 480 times. The hour 
circle is nine and a half inches in diameter, and the 
declination circle is thirteen inches in diameter. .The 
telescope is moved in right ascension by an adjustable 
centrifugal clock. 

The meridian circle, by Simms, of London, is 30 inches 
in diameter, divided on silver to spaces of five minutes, 
with two reading microscopes fixed to the piers, and a 
third placed at a small distance from one of the others, 
for examining and determining the errors of graduation. 
The telescope has a clear aperture’ of four inches, and a 
focal length of five feet. It has four positive eye-piec,es, 
besides one for collimating by means of a mercurial 
trough. It is furnished with a declination micrometer 
and seven equidistant meridian lines. The wires can be 
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illuminated in a dark field, or tke reverse, at tke option 
of the observer. The granite piers for this instrument 
are of the T form, gradually diminishing upward to 
within 10 inches of the top. They are 30 inches apart, 
and rise 5 feet above the floor. They rest on a granite 
foundation, which, is based on the solid rock ‘below. 

The comet-seeker, by Merz and Sons, has an aperture 
of about 4 inches, and a focal length of 32 inches. It is 
mounted on an equatorial stand, and has 4 eye-pieces, 
magnifying from 12 to 40 times. 

The sidereal clock is furnished with Mahler’s compen- 
sation pendulum, and runs a month without winding. 
The library contains about 600 volumes of the most 
valuable books pertaining to theoretical and practical 
astronomy. 

The cost of the building, exclusive of the lot and 
its embellishments, was about $4,500. The cost of the 
equatorial telescope, together with the sidereal clock, 
was about $2,300. The comet-seeker cost $180; and 
the meridian circle cost £275 in London. 

MR. VAN 4.B.SDALE’S OBSERVATORY, NEWARK, NEW JERSEY. 

This observatory was built in the spring of 1860. It 
is a circular wooden building 13 feet in diameter, resting 
on a brick foundation, underlaid with stone to the 
depth of two feet. The circular brick foundation is 
covered with wood-work three inches in thickness, and 
upon this are placed the wheels upon which the whole 
building tRrns. The wheels are eight in number, of cast- 
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iroiij and j^J^rooved. The circular iron rail attached to 
thc^ \o\A\ pai't of the building traverses the upper 
Biirfhve oV the -wheels one foot from the floor. The roof 
is <>1 Ini, and conical; the aperture is 16 inches -wide, 
and is (.o\cicd by a door which opens in a single piece, 
riu" ])ic i which the telescope rests is built of stone 

laced V Itli l)rick, and rises two feet above the floor. 

Iho tckjacope is a refractor, made by Henry Fitz. 
The obj^cct-glass has an aperture of six and a half inches, 
and a focal length of eight feet; and it was mounted 
on an ccpiatorial stand by Phelps and Gurley. The 
declination circle has a diameter of ten inches, and 
reads by vcniiers to one minute of arc ; the hour circle 
has a (lianujf.or of seven inches, and reads hy verniers 
to six sficonds of time. The telescope is driven by 
clock-work, and cost $1,125. 

1 lio object-glass of this telescope has given entire 
satisliujlioii. Saturn is seen with a division in the outer* 
ring, the division being somewhat eccentrical and nearer 
the outer edge. Occasionally there has been seen a sub- 
division of the inner bright ring at the ansse, near the 
inner edg(\ The interior dark ring is also seen. 

'Idle planet Mars is well defined in a good atmos- 
phere with a white circumference, both at the equatorial 
and the polar regions, the interior space being varied 
with dark shades. 

The ooniot-seeker , was also made by Henry'. Fitz. 
Idle olyeci-glass has an aperture of four inches, and is 
fittcil to a Hoction of tube which screws into the finder 
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of tlie telescope. This mode has the advantage of a 
ready reference to the larger instrument, but is somewhat 
inconvenient from the interference of tlie stand in ob- 
serving the space beneath the pole and near the 
meridian. 

Three comets have been independently^ discovered by 
Mr. Van Arsdale, viz., one November 26, 1858, another 
June 24, 1854, and a third September 18, 1854. The 
first of these was not seen in Europe until December 2, 
a week after it was discovered by Mr. Tan Arsdale; 
the second was discovered in Europe June 4; the third 
was discovered at Berlin, September 12. These dis- 
coveries were made while searching for comets, although 
the seatch was not' thorough, as the view near the 
honzon is obstructed by buildings, and the exainination 
was seldom continued to a late hour. 


SHEIBT OOiLBOB OBSBETATORV. 

A veiy superior telescope was ordered in 1848 from 
the establishment of Merz and Mahler, of Munich, for 
the use of Shelby College, Shelbyville, Kentucky. It 
has^^ aperture of seven and a half inches, and a fooal 
ength of ten feet. The mounting is admirably exe- 
cuted, and differs in some respects from any other in 
this country. It is furnished with a filar and an annular 
micrometen The filar micrometer has six positive eye- 
pieces, with powers from 100 to 670.. There arc also 5 
negaiave eye-pieces, magnifying from 102 to 650 times. 
The horn- circle IS 10 inches in diameter, , reading to -t 
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seconds of time ; fhe declination circle is 15 inoies in 
diameter, reading to 10 seconds of arc. This instrument 
was received in ISTovemher, 1850, and cost $3,500. 

This telescope was mounted on the top of the college 
hudding, about 50 feet from the ground, under a revolv- 
ing dome 18 feet in diameter, and was supported by a 
heavy cast-iron tripod, whose legs consist of hollow iron 
columns, each weighing about 600 pounds, passing 
through three floors of the building, and resting on solid 
masonry below the lower floor. The dome revolves on 
cannon-balls, and is turned by wheels gearing into a circle 
of cogs on the wall below the dome. The time is fur- 
nished by a box chronometer. 

The cost of the telescope and observatory was defrayed 
partly by subscription; but the greater part of the ex- 
pense was borne by the president of the institution, the 
Eev. Wfllkm J. Walker. 

BUFFALO OBSEEV4TOET. 

This observatory is the properly of Mr. William S. Van 
Duzee. It was erected in the summer of 1851, and the 
instruments mounted in the following winter. The 
building is 24 : by 25 feet square, having two piers, one 
for the transit, and the other for the equatorial instru- 
ment, resting on a foundation of solid masonry,' ex- 
tending twelve feet below the surface of .the earth, and 
surrounded by a wall two feet distant from this 
foundation, so that no motion may be felt by the 
passing of carriages. 


12 * 
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The central pier is built of brick, and is 8 feet square 
through the first story, which is 15 feet high, but through 
the second story is only* 6 ' feet square. This pier is sur- 
mounted by a traveling dome, 17 feet in diameter, and is 
pierced by an opening 2 feet wide, extending from a 
point 4 feet above the floor to 8 inches on the opposite 
side of the zenith. The dome rests on twelve eighteen- 
pound balls, which turn between two cast-iron annular 
grooves. 

The transit pier is five feet square, and extends three 
feet into the second story. The meridian observing slits 
are made two feet in the clear, and afford an uninter- 
rupted view of the meridian from the northern to the 
southern point of the horizon. Both piers are covered 
with marble slabs, three inches thick. 

The equatorial telescope, which is erected under the 
dome, was made by Henry Fitz, of Hew York. It is a 
refractor of 11 feet focus and 9 inches aperture ; and has 
a position micrometer furnished wvith an illuminating ap- 
paratus. The hour circle is 12 inches in diametei", and 
the declination circle 15 inches, each reading by two 
verniers. The telescope is moved by clock-work, so 
that the object under examination may be kept steadily 
in the center of the field. This telescope is furnished 
with ten eye-pieces, the highest magnifying 800 times. 

The transit instrument is in the second story, has a 
clear aperture of 2 inches, and a focal length of 88 
inches. Hear the transit is the clock with a mercurial 
pendulum. 
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M.R, OBSBRYATORY, R-EYT YORK. 

illia ol)Rei ig built on tbe top of Mr. Campbell’s 

<h\ t'lling-lioiise in New York city, in Sixteenth-street, 
neai the.- hihlx ^yenue, and was completed in 1852. The 
house as 80 fe^t wide and four stories high. The hall is 
10 leet wide, stud the partition wall which separates the 
hall ffoni tlie arest of the house is of brick, and extends to 
tlic roof, Tliis and the adjoining gable were raised so as 

I. 0 make aiiotlaer story over that part of the house, and a 
rooiii was tlmas obtained 10 feet wide and 85 feet long. 
Twelve Ibet at one end are appropriated for the dome and 
teli'BCope, ,Tlae observatory is furred off so as to make 
ail octagon of 12 feet in diameter ; and at the height of 5 
Ibc^t, the octagon is changed into a circle to support the 
wooden onrb 'wlaich constitutes the bed-plate of the dome. 
Upon tbo be<3. -plate is placed a circular rail, 12 feet in 
diiuneter on tlxe inside, 3 inches wide, and having a raised 
bead upon tlio xipper surface. 

The clomo ia 12 feet in diameter, the base being a coun- 
ticwpart c)f tbe onrb, which constitutes the bed-plate. The 
aport.ure for tlxe telescope is 15 inches wide, and extends 

II. liitie bcjoricL the zenith. It is closed with a sliding 
door, which is made so that it may slip over the zenith to 
tho oppoHiio si<3.e of the dome, and this motion is effected 
by turning a crank. The dome revolves upon seven 
whcelH of; foxxx inches diameter, in which grooves are 
iiirncd to correspond with the head on the iron rail. The 
ihftft of one of ‘these wheels is made long enough to re- 
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ceive a pinion at one end and a handle at the other. Tin- 
pinion fits a rack which encircles the rail; while the 
handle and also the operator move round with tho dome, 
which is accomi^lished by the peculiar construction of tho 
observer’s seat. This is a small flight of staii’s, having 
an angle of elevation suited to the sweep of the oye-piooo, 
so that each step makes a convenient seat. Tho frame is 
of wrought iron ; tho string pieces are secured to tlio base 
of the dome, and .the bottom of the stairs rests upon two 
wheels,- in which grooves are made to flt a ciroular iron 
rail which is secured to the floor. A circular table is * 
substituted for tho ordinary reading stops. It is sup* 
ported upon le^, with rollera, and is secured' at onob end 
to the bottom steps of the observer’s seat so os to rovolvo 
with it. 

Three stout beams rest upon the brick walls across tho 
center of the octagon, making a support for tho pedestal 
of the telescope. This pedestal is a drum of boxlor iron, 
three feet in diameter, and the same in height. It is liuod 
with brick like a well, and covered with a smooth, round 
flag-stone, projecting an inch over the iron. The mahog- 
any frame of the telesoopoi having four feet with adjust- 
ing screws, stands upon this stone., 

The telescope is an achromatio refractor of. eight inohos 
aperture, and ten and a half feet focal length, made by 
Hemy Fitz. It has six negative eye-pieces, magnifying 
from 60 to 480 bmes. The stand is made of cast iron, 
excepting the oirples, which are of brass ; and ,a olook is 
attevphed to the telescope for keeping the objeofc hx the 
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field of view. The tliread wliich fits tlie tangent scre^v is 
cut in the edge of the ring, detached from the hour circle, 
and pressed against it by the elasticity of a thin brass 
plate, which is secured by screws so as to give the re- 
quisite friction, This axTangement permits the telescope 
to be moved in any direction, even while connected with 
the clock, and obviates the necessity of clamping and un- 
clamping. 

The solar eclipse of May 26, 1864, was carefully ob- 
served by tlais telescope, and a seiies of daguerreotypes 
(28 in number) were taken at intervals of about five 
minutes, showing the progress of the oclipso in a novel 
and beautiful manner. Thoso images, which afb two 
inches in diameter, are oxtx’omely well defined, and servo 
as permanent registers of the transient phenomena of the 
eclipse. 

OBSmVATOnT OJ? MIOmOAN nNIVmSITY. 

Soon after the Rev. Dr. Tappan was elected Ohancellor 
of Michigan University, in 1862, ho conceived the idea 
of establishing an astronomical observatory in connection 
with the university. During the succeeding winter the 
claims of this object were laid before tho citizens of De- 
troit, and they responded to the appeal in a prompt and 
liberal manner. The sum of ton thousand dollars was 
almost immediately ifiedgod for this object, and an ad- 
ditional sum was promised if it should be found necessary. 

The foundations of the building' wore laid in the sum- 
mer of 1868, and tho observatory was completed in the 
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autumn of 1864. In February, 1868, a largo equatorial 
telescope was ordered from Henry Fitzsj of Now York ; 
and during the summer of the same year, a meridian 
circle was .ordered from Berlin. The main building for 
the observatory is 32 feet square, and it is surmounted by 
a hemispherical dome, 28 feet in diameter. Tho tloino 
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has, an opening 82 inches wide, extending from nonr its 
base -to the zeriith, and the opening, is closed by a einglo 
curved shutter, which slides in a groove, so that it may 
be made to travel over to the opposite side of the doino. 
A pier, whose foundations are laid ten feet beneath the 
surface of the earth, rises through the center of the build-, 
tng.to the height of 20. feet from the ground, and upon 
his rests the great equatorial. On the east and wost 
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sides of tlio cotitral building are wings 28 feet by 19 ; the 
cast wing being appropriated to the meridian oirole, and 
tlio wc-st wing being appropriated for the apai’tments of 
tho nstvonomei:. The cost of the entire building has been 
about $7000. - 

Tho moricliati circle was made by Pistor and Marlins, 
of Berlin. It bas a telescope of eight feet focal length, 
and has two gimduated circles of three feet diameter, each 
of whiolr is rend by four microscopes. There are also 
two small circles, with levels near the eye-piece for set- 
ting tho instrument to the proper altitude. The eight 
microscopes aro illuminated by two stationary lamps, 
which slnucl on the brass columns which support tho 
couiitorpoisca. The illumination of the wires can he so 
regulated tia to. present either a bright field with dai’k 
vinos, or a dnrlc field with bright lines. Two collimators 
arc mounted, on tho uorth and south of the meridian oirole, 
and ihoro arts conveniences for observing stars, as well a.s 
tho nadlv p^oint, by reflection from a basin of mercury. 
Tho oii’clo, witb the collimators, cost $8300, aud this sum 
was contributed by H, N. Walker, Esg., of Detroit. The 
clock was made by M. Tiedo, of Berliu, It has a pen- 
dulum witli a steel and zinc compensation, and cost $800. 

Tho grout e< 3 ^uatorial telescope was made by Mr, Pitz, 
ofKowYorlcr. The object-glass has a clear aperture of 
twelve and n lialf inches, and a focal length of seventeen 
foot. It has soven negative and six positive eye-pieoes, 
tho highoBt magnifying power being 1200. The oiroles 
nro oaolv twenty inches in diameter, tho hour oirole read- 
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ing to two seconda of time, and the declination cirolo Ic 
twenty seconds of arc. It is also furnisliod witU oloolc- 
work and micrometer. The crown-glass was obtained 
from Bontemps, of Birmingham, Biigland, and thp flint- 
glass was obtained from Paris. The price of this tolc- 
scops was $6000, and its performance has proved ontiroly 
satisfactory. The entire cost of the building and instru- 
ments was about $17,000. . 

Dr^ F. Briinnow, an astronomer well known by his 
observations while connectod with the observatory of 
Berlin, and also by his Treatise, on Spherical Astronomy, 
has been appointed dimeter of this observatory, and has 
already entereid upon his duties. Wo oongratulato the 
University . of Michigan in having socuvod the sorvioea of 
so sldllihl and learned an astronomer j • and wo anticipate 
that the career of Br. Briinnow will shod luster upon 
his adopted country, while ho contributes to tiio promo- 
tion of that science to which his life has boon dovotocl, 

OIOTEBDEN OBSERTATOEY, OAMBRIDGE, MASSAOIIUSK’ri'S, 

The great, telescope helonging to: Sliolby Oollogo was 
temporarily iloaned to Brofossor Joseph Winlook, and 
was removed to Cambridge, Massachusetts, whore tem- 
porary accommodations were provided for it, and this 
establishment is known by the name of Olovordon Ob- 
servatory. This consists of a oiraular woodon building, 
with a. revolving dome, fifteen feet in diameter, and a 
Bmaft adjoining.room for other instruments. The doipo 
« very light, consisting of a wooden ftamo ooyorod with 
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IttipRuliiij and xevolvea on wooden balls with so little re- 
sistanCiC, that i-t jg easily pushed round with the hand 
without wheels oT levers. In the adjoining apartment 
13 a four.feot transit and several chronometers. The 

Htaudard obronometer was made by Kessels. 

Nuinorous o"bservations on comete, and some of the 
newly discoYored planets, have been made with this 
toksscopo by Di*. B. A. Gould and Professor • Joseph 
Winloolc, some of which have been published in 
Gould s A.sti’onoraioal Journal.” The great telescope 
ha.s rocoiitly Tjeen returned to Shelby College, 


DUDI^BV observatory, at ALBANY. 



About throo years since, it was proposed to establish 
at Albany a university, comprehending a series of prac- 
tical, professional, and soientiflo schools. As a part of 
this ontorpriso, it was resolved to establish an as- 
Iroiioinioal observatory, the charge of which Professor 
0, M. Mitclioll bad already signifled his willingness to 
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accept. General Steven Van Eensselaer kindly offered 
a donation of several acres of land near tke northern 
limit of the city, affording an excellent site for the 
contemplated building. Mrs. Blandina Dudley, a lady 
distinguished for her wealth and liberal spirit, gave 
toward the building the sum of $13,000. Contributions 
were received from several gentlemen of the city, in- 
creasing this sum t 9 $26,000. The building was com- 
menced in the spring of 1853, upon a plan designed by 
Professor Mitchell, and the late Sears C. Walker, and 
was erected under the supervision of Professor Perkins. 

The ground-plan of the building is in the form of a 
cross, 84 feet in front by 72 feet in depth. The central 
room is 28 feet square ; the east and west wings, which 
are designed for the use of the meridian instruments, are 
each 23 feet square, and provided with the usual open- 
ings in the meridian. The north wing is 40 feet square, 
divided into a library room, two computing rooms, and 
other small rooms for the magnetic apparatus for re- 
cording the observations. The equatorial room, which 
is in the second story, is of a circular form, 28 feet in 
diameter, the tower revolving upon iron balls. 

The main pier for the support of the equatorial was 
commenced six feet below the bottom of the cellar, 
with its base, 15 feet square, resting on a bed of con- 
crete and rubble 16 inches in thickness. The size of 
the pier was gradually reduced to 10 feet square at the 
level of the cellar, and thus continued upward without 
further variation. The whole is built in the most sub- 
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stantial' manner of large stone, well bedded. Tbe piers 
in tbe transit rooms are six feet by eight, and each room 
is furnished with clock piers of similar . construction. 
The walls are of brick ; but the basement, portico, cor- 
nices, etc., are of dressed freestone. The library and 
computing rooms are warmed by heated air from a base- 
ment furnace. These rooms and the staircase are all 
accessible from the vestibule. A bust of the late 
Charles Dudley, executed by E. D. Palmer, an artist of 
Albany, is to be placed near the principal entrance. 

The Dudley observatory was incorporated in 1858, 
and its management is vested in a board of trustees. 
In the summer of 1855, Mrs. Dudley offered to furnish 
the requisite means for procuring a heliometer of the 
largest dimensions. The construction of this instru- 
ment has been entrusted to Mr. Charles A. Spencer, 
who proposes to make a telescope with an object-glass 
of 10 inches aperture. The price of this instrument is 
to be $14:, 500. A gentleman of Albany contributed 

$5000 for a meridian circle, and this instrument has 
been ordered from Pistor and Martins, of Berlin. An- 
other gentleman of ^Ibany contributed $1000 for an 
astronomical clock. The transit instrument will be 
furnished by the IT. S. Coast Survey, and. will cost 
• $1,600. It is expected that the observatory will soon 
commence active operations under the direction of Dr. 
B. A. Q-ould. 
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HAMILTON COLLEGE OBSBRYATORT. 

. In 1852 and 1853, Professor Charles Avery raised 
$16,000 by subscription, mostly in small sums, for the 
purpose of procuring a large telescope of American, 
manufacture. It was then determined to .erect on the 
grounds of Hamilton College a building suitable for an 
astronomical observatory, and to furnish it with first-class 
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instruments. In the spring of 1864, Mr. A. J. Lathrop, 
of Utica, presented plans of a building, which wore 
approved, and the building was erected the same year. 

The observatory consists of a central briilding, with 
mugs on the east and .west sides. The main buildirifv 
IS 2Sr feet square,.and two stories high, surmounted by a 
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tovrer, 20 feet in diameter, wMci. revolves on eiglit cast- 
iron balls upon an iron track. The /wings are each 
18 feet square. The east wing is designed for a com- 
puting room; the west wing is designed for a transit 
room, and it commands a fine meridian. The transit 
pier- is built of limestone; It descends six feet below the 
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surface of the ground, and is eight feet by five at the 
top. - In the center of the main building is the large 
pier, bunt also of limestone. It descends six feet below 
the surface of the ground, is ten feet square at the hase, 
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and seven feet square at the top, and is entirely detaolied 
from tlie building. On the pier rests a granite block, 
fourteen feet high, to which the great refractor is to be 
attached. The observatory building cost $5000. 

A refracting telescope was ordered from Messrs. 
Spencer and Eaton^ of Oanastota, ISTew York, and 
has recently been completed. The object-glass has a 
diameter of 18|- inches, with a focal length of 16 feet. 
The hour circle, divided on silver, has a diameter of 
15 inches, and reads by two verniers to two seconds of 
time. The declination circle has a diameter of 26 
inches, and reads to four seconds of arc. The filar 
micrometer has eye-pieces made of double achromatics, 
instead of the usual Ramsden form, ^ving magnifying 
powers from 100 to 1000. The negative eye-pieces give 
magnifying powers from 80 to 1600 times. The usual 
sidereal motion is given by clock-work. 

The focal length of this telescope is about four feet 
•less than is usual in the Munich instruments of the same 
aperture. The telescope is thus rendered less unwieldy, 
and in the opinion of Mr. Spencer, its optical performance 
is not impaired. The flint and crown discs* for this 
instrument were procured through the agents, Messrs. 
Cook, Beckel and Co., New York, from Joseph Bader, of 
Elohlgrub, and have been found to be remarkably exempt 
from stri^. The object-glass has been subjected to par- 
tial trial with very satisfactory results. The price of this 
telescope was $10,000. The transit instrument and clock 
have not yet been ordered. 
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From the preceding sketch it must be apparent that 
within a few years, rapid progress has been made 
toward supplying our country with the means of 
making astronomical observations. We now have in- 
struments which permit us to engage in astronomical 
researches upon a footing of equality with the oldest 
establishments of Europe, while the number of observers 
and the taste for astronomical studies has kept pace with 
the increase of our instruments. The importance of 
astronomical observations is beginning to be generally 
appreciated ; but for the benefit of those whose attention 
has not been particularly turned to this subject, a few 
suggestions are added. 

An astronomical observatory may be made useful in 
almost any locality, but it may be rendered especially 
valuable in the neighborhood of a large commercial em- 
porium. The following may be enumerated among these 
advantages : 

I. It furnishes an accurate determination of time, which 
is a matter of importance to almost every citizen, but 
more especially to certain classes of the ^ community. 
Every vessel which puts to sea, carries with it one or 
more chronometers, and the chronometer is almost ex- 
clusively relied upon to furnish the longitude of the 
vessel from day to day. An error of a few seconds in 
the chronometer causes a corresponding error in the lon- 
gitude deduced, and such errors have been the occasion 
of the loss of numerous vessels* It is, therefore, a matter 
of vital importance that the error and rate of alh chro- 
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nometers whioh are carried to sea should be determined 
witb tbe utmost precision. . In every commercial city 
there are private establishments -where this duty is reg- 
ularly attended to. A public observatory does not 
necessarily interfere with these private establishments, 
but affords the means of rendering them more accurate 
and efficient. How this may be accomplished -will 
presently be shown. 

An exact kno-wledge of time is also of vital importance 
to the conductors of all railroad trains. A small error in 
a conductor’s watch has repeatedly been the occasion of 
the collision of railroad trains, and the consequent de- 
struction of human life. Many of the railroad companies 
in this country incur annually considerable expense to 
pro-vide all the conductors with correct time. 

An accurate knowledge of time is important to all 
business men, but especially to banking and other hous^ 
where business is entirely suspended at a fixed hoiu; of 
the day. A small mistake in the time might occasion 
not only serious disappointment, but also pecuniary loss. 

An astronomical observatory is furnished with olooks 
of the best construction, and with transit instruments for 
determining daily the error of these clocks. The observ- 
atory, therefore, can ftunish time with all the precision 
which can he desired ; but to render this knowledge con- 
veniently accessible togthe public, requires some peculiar 
arrangements. The foUowing is the arrangement for this 
purpose which existed for many years at Greenwich ob- 
servatory: On one of the turrets of the observatory is 
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erected a mast, upon wHcL. slides a ball, five feet in 
diameter, consisting of a frame of wood covered with 
leather. A little before one o’clock every day the ball is 
slid up to the top of the mast, where it is held by in- 
geniously contrived machinery. Precisely at one o’clock 
an assistant, who is specially charged with this duty, 
presses a spring, and the ball instantly descends. By this 
means all persons in sight of the ball are enabled daily to 
test the accuracy of their clocks. At the Washington 
observatory a ball of smaller size than that at Q-reenwich 
is elevated every day on a flag-staff, and is lowered at the 
precise instant of twelve o’clock. 

Within the last two years the arrangements at Green- 
wich for furnishing the public with an accurate knowl- 
edge of the time' have been very much improved. A 
normal clock is furnished with a small apparatus, by 
means of which, ■whenever its error is determined by 
observations, its indications can be rendered perfectly 
correct. This clock keeps in motion a sympathetic gal- 
vanic clock at the entrance-gate of the observatory, and 
also a clock at the terminus of the South-eastern Eailway. 
It sends galvanic signals every day along all the principal 
railways diverging from London ; it drops the Greenwich 
ban and the ball on the ofl&ces of the Electiio Telegraph 
Company in the Strand. The Lords Commissioners of 
the Admiralty haye also erected % time* signal-ball at 
Deal, for the use of the shipping in the Do’svns, which is 
dropped every day by a galvanic current frqm the Royal 
observatory. 


13 
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Similar arrangements miglit be adopted in every large 
commercial city. If, for example, there was a public ob- 
servatory in the neighborhood of New York, a clock at 
the observatory might be made every day, by means of 
an electric current, to drop a time-ball on the Merchants’ 
Exchange or the City Hall, another on Brooklyn Heights, 
another on Staten Island, and another at Sandy Hook ; 
as well as at any other point where public convenience 
might require. It might also maintain in motion a 
sympathetic galvanic clock at the City Hall, at the 
Custom-house, at the Exchange, and at ‘every railway 
station in the city— a clock which should never differ by 
an appreciable .quantity from perfectly accurate tii^e. 
Such a system would contribute not a little to the security 
of commerce and the punctuality of business.* 

II. A second advantage to be derived from an astro- 
nomical observatory is that, by extending our knowledge 
of the heavenly bodies, it directly contributes to the se- 
curity of commerce. The prosperity of commerce depends 
entirely upon the' safety with which the ocean can be 
navigated, and this depends upon the accuracy with 
which a ship’s place can be determined from day to day. 
Had it not been for the labors of modern astronomers in 
their observatories, vessels would still, as in ancient 
times, creep timidly along the coast, afraid to venture out 
of sight of lan4 ; or if they were compelled to venture 

* Since the preceding was written, the .officers of the Dudley obsenr- 
atdiy at Albany have offered to furnish time for the city of How York, 
substantially in the manner above suggested. 



ASTEONOMIOAL OBSEEVATOEIES. 291 

into the open ocean, they would be exposed to imminent 
danger in approaching land, not knowing how far distant 
the port might be. The loss of time resulting from pur- 
suing this timid course, and the numerous disasters which 
could not be avoided, would more than double the ex- 
pense of maintaining our foreign commerce. Astrono- 
mers, by their accurate determinations of the places of 
the sun, the moon, and the stars, have given prosperity 
to commerce and boundless wealth to our commercial 
cities. But there is still much for astronomers to do ■ 
The places of the heavenly bodies even at present are not 
kno'v^n with all the precision which is desired. Great 
errors in determining a ship’s place are now of rare 
occurrence ; but small errors frequently lead to disastrous 
consequences, and it is therefore important to reduce the 
errors to the least possible amount. 

III. An astronomical observatory, well equipped, be- 
comes a center of influence which is felt on all the educa- 
tional establishments of the country, even those of the 
humblest grade. It is impossible to maintain common 
schools in a state of efficiency without institutions of a 
higher grade, corresponding to our academies, which 
shall furnish teachers for the elementary schools, and also 
afford encouragement to ambitious scholars, who wish to 
extend their studies beyond the elementary branches. 
The academi,es can not be maintained in a flourishing 
condition without institutions of a higher grade, corre- 
sponding to our colleges, where teachers are educated for 
the academies, and where ambitious students from the 
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academies may extend still further the range of their 
studies. College professors, in their turn, are in danger 
of settling down into mere retailers of other men’s ideas, 
without aspiring to add any thing to the stock of human 
knowledge, unless they are surrounded hy institutions 
whose leading object is the increase of knowledge. An 
astronomical observatory, therefore, is a center of genial 
influence, which directly or indirectly imparts life and 
efficiency to all the subordinate institutions of education. 
It is also a place where men of business may acquire new 
ideas of the wonders of the material universe ; where men, 
whose days are spent in toiling for the acquisition, of 
wealth, may learn that there are mines of intellectual 
riches more inexhaustible than the mines of California. 
Men who from morning to night are engaged in the 
duties of an arduous profession, or in the labors of the 
counting-house or exchange, often feel the need of recrea- 
tion when the hours of business are over. What mode 
of recreation is more rational— what is better fitted to in- 
spire the mind with noble sentiments— than to direct the 
thoughts to the wonders of the material universe, to the 
vastness ^of the visible creation, as exhibited to the 
eye of an astronomer wilffi the assistance of the tele- 
scope? 



. SECTION 11. 

ASTRONOMICAL EXPEDITION TO CHILI DTJEINa THE TEARS 
1849—1862. 

In the year 1847, Dr. C. L. Gerling, a distinguished 
naathematician of the Marhurgli University, suggested 
the importance of a new determination of the sun’s 
parallax by observations upon Yenus at and near her 
stationary periods. The determination of the dimensions 
of the solar system rests entirely upon the assumed 
value of the sun’s parallax. The value now generally 
received, viz., rests upon the observations of the 

transit of Venus in 1769. Transits of Yenus over the 
sun’s disc afford the best method of determining this 
parallax j but these phenomena are of very rare oc- 
currence, there being not a single transit visible in any 
part of the world from 1769 to 1874. Now, although 
the observations' of the transit of 1769 are believed to 
. have afforded a very accurate value of the sun’s ^jUrallax, 
yet it is much to be regretted that the results obtained 
by combining the, observations at different stations two 
and two, differ among themselves by an entire second. 
It is therefore very desirable that this result should be 
verified by independent methods. Such methods are 
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found in simultaneous observations of either* Venus or 
Maxs fiom frwo gemote points of the globe. If an as- 
tronomer in a bigb nortbern latitude observes tbe posi- 
tion of one of these bodies when upon bis meridian, and 
another astronomer in a high southern latitude docs 
the same, a comparison of these two obsprvations will 
give the parallax of the planet, from which we can 
compute its distance firom the earth. The most favor- 
able time for observing Mars is when it is nearest the 
earth; that is, at its opposition ; and the most favorable 
time for observing Yenus is when it is stationary, or 
near its inferior conjunction. The two places of ob- 
servation must be in opposite hemispheres, as remote as 
possible from each other, and it is desirable that they 
should both be under the same meridian.. 

Lieutenant Grilliss, of the United States bTavy, pro- 
posed an expedition to Chili, for the purpose of making 
observations upon Dr. Gerling’s plan in connection with 
the ^rational observatory at Washington. The Ameri- 
can Philosophical Society, and the American Academy 
of Arts and Sciences commended this plan to the favor- 
able action of Congress ; and in August, 1848, Congress 
authorized the fitting out of the expedition, under tho 
direction of the Secretary of the Navy. Lieutenant 
Gilliss, to whom the plan of the expedition was mainly 
dim, was appointed to take charge, of the expedition; 
and passed midshipjnan (now hentenant) Archibald 
MacEea, and Henry C. Hunter, were appointed as assist- 
ants. Suitable wooden buildings, to serve as an ob- 
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seTvatory in Ohili, were prepared in Washington, and 
shipped to Valparaiso in the summer of 1849. 

The principal astronomical instruments furnished for 
the expedition were two telescopes, equatorially mounted, 
a meridian circle, a clock, and three chronometers. 

The larger telescope was an eight and a half feet 
refractor; having an object-glass by Fitz, of New York, 
that afforded a clear aperture of six inches and a half. 
It was fitted with clock-work by Wm. Young, of Phila- 
delphia, and by him provided with a micrometer adapted 
both for differential measurements, and for measurements 
of position and distance. 

The other telescope was a five feet achromatic, by 
Fraunhofer. It was also equatorially mounted, and fitted 
with a micrometer by Yoxmg, of Philadelphia. * 

The meridian circle was by Pistor and Martins, of 
Berlin. The object-glass of the telescope had a clear 
aperture of four and one-third inches, with a focal length 
of six feet. The circles were thirty-six inches in 
diameter, both divided to and read by two mi- 

crbmeter microscopes, each to a half second. 

The series of astronomical observations, especially 
contemplated, consisted of differential measurements 
during portions of the years 1849, 1850, 1861, and 
1852, upon Venus and Mars, with stars conveniently 
situated in the neighborhood of their paths. The ob- 
servations of Venus chiefly depended upon, were ob- 
servations near the inferior conjunctions of 1850 and 
1862. The principal observations of Mars werfe near 
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tie times of opposition of that planet in 1849 and 1862. 
' To facilitate the observations, and to secure concert of 
‘action, so that observers in every pail; of the world 
might u^ the same stars of comparison, Lieutenant 
Gilliss prepared an ephemeris of these planets and suit- 
able stars of comparison during the critical periods. 

The expedition set sail in 1849, and arrived safely at 
Valparaiso. The observatory was located at Santiago, 
the capital of Chili, where observations were commenced 
in December, 1849. During that season the weather 
was exceedingly favorable for observations. ’ Of the fifty* 
two pre-appointed nights remaining of the first series 
of observations on Mars, there were only four when no 
observations could be made; and within these forty-eight 
nights, 1400 observations of the planet were accum- 
ulated. During the second series on Mars, comprising 93 
days, between December 16, 1851, and March 16, 1852, 
about 2000 differential measures were made on seventy- 
eight nights, and meridian observations on eighty nights. 
Between October 19, 1850, and February 10, 1861, dif- 
ferential meMures of the planet Venus and comparing 
stars, were naade on fifty-one nights; and there wore 
sevenfy-three meridian observations, at which time its 
diameter also was measured. Owing to its very fre-* 
guent tremulous motion in the evening twilight, the 
differential measures, when approaching its eastern 
stationary terms, were often found difficult, and rarely 
afforded much satisfaction. But- in the morning twi- ' 
hgiit tire atmosphere was tiancLuil, and generally so clear 
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tliat measures could be continued long after day-ligbt, 
if tbe comparing star was as bright as tbe seventh mag- 
nitude. During the second period of Venus in 1852, it 
was possible to make differential measures only oh nine 
evenings prior to the conjunction, and on eighteen 
mornings subsequent to it. There was not a single 
occasion when the measures were wholly satisfactory. 

As the preceding observations occupied only a part 
of the time spent in Chili, Lieutenant Q-illiss devoted a 
portion of the intermediate intervals to constructing a 
catalogue of stars between the south pole and 65° of 
south declination. Beginning within 5° of the south 
pole, a systematic sweep of the heavens was commenced 
in zones or belts 24' wide. ’Working steadily toward 
the zenith on successive nights, until compelled to re- 
turn below again to connect in right ascension, the place 
of every celestial body that passed across the field of the 
telescope, to stars of the tenth magnitude, was carefully 
noted down. The space immediately surrounding the 
south pole was swept in one belt of 5° by moving the 
circle. Above the polar belt, forty-eight other belts were 
observed, making in aU 24° 12' of declination, within 
which were obtained 33,600 observations of some 23,000 
stars; more than 20,000 of them never previously 
tabulated. 

While astronomical observations received the principal 
attention, inagnetism and meteorology were not neglected. 
The meteorological instruments were observed tri-hourly 
during nearly three years, and one day of each month 

13 * 
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was devoted to hourly observations. The magnetical 
observations occupied nearly four hours of * two and 
sometimes three persons on three days of each month, 
when all the elements necessary for determining the 
direction - and the total force of the earth^s magnetism 
were carefully observed. 

A minute record was preserved of all the earthquakes 
experienced during the continuance of Lieutenant Qilliss 
in ChiH. The number of shocks recorded was 126 in 
34: months, being an average of about one each week. 
A seismometer • was erected, but it was not sufficiently 
sensitive, and generally made no record of the agitations 
of the earth’s crust. , 

Congress liberally ordered the publication of the re- 
sults of this expedition, directing that the whole work 
should be well printed on good paper of quarto size, and 
well bound. The results will be comprised in seven 
volumes, of which the first two have already been pub- 
lished. Yol. L contains a ffill account of Ohili, its 
geography, climate, earthquakes, government, social 
condition, mmeral and agricultural resources, commerce, 
etc., with a narrative of the general progress of the 
expedition. Y oL II. contains Lieutenant MaoRea’s nar- 
rative of his magnetical expedition across the Andes and 
pampas of Buenos Ayres, with an account of the 
minerals and mineral waters of Chili, their Indian mil 
quities, and a description- of various mammals, birds, 
reptiles, fishes, Crustacea^ and plants collected by the ex- 
pedition, Yol. in. will contain the differential obsemt 
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tions made for fhe parallaxes of Mars and Yemis at 
Santiago, Washington, Cambridge (Mass.), and Cape of 
Good Hope, together with a discussion of the question 
of parallax by Dr. Gould. VoL lY. will contain the 
meridian circle observations of planets, time and. azimuth 
stars, stars of Lacaille never re-observe^ by others, and 
a portion of the zone observations. Yol. Y. will con- 
tain the remainder of the zone observations. Yol. YI. 
will embrace the magnetical and meteorological ob- 
servations ; and Yol. YII. will contain a catalogue of 
the fixed stars observed by the expedition, embracing 
determinations of position of more than 20,000 stars 
never before tabulated. 





SECTION III. 

ASTRONOMICAL RESULTS OF PUBLIC SURYEYS. 

Very extensive surveys have been -undertaken, at the 
expense of the general government, and some by State 
governments, which have indirectly contributed very much 
to the science of astronomy. Of these, the survey of the 
coast of the United States is the most important. 

The survey of the coast was proposed^ by Mr. Jeffer- 
son, and was authorized by Congress in 1807. Mr. 
Gallatin, then Secretary of the Treasury, sketched the 
plan of a magnificent geodetic work in which the prin- 
cipal headlands of the coast should be fixed by astro- 
nomical observations. Jn consequence of the unsettled 
state of the country, no active steps were taken toward 
carrying this plan into execution until 1811, when Mr. 
Hassler was placed in cha%e of this work, and was sent 
to Europe to procure the requisite instruments. He did 
not return with the instruments until the fall of 1816. 

i!. 

In 1816 he commenced- the survey; and in 1818, Con- 
gress not being satisfied with the progress of the work, it 
was stopped. .. 

In 1832, the work was revived hy an Act of Oongress,. 
and placed undQF the direction of Mr. Hassler, in whose 
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hands it made steady progress tintil his death in 1844. 
Professor A. D. Bache -was then appointed to take charge 
of the survey, and has continued it to the present time. 

The astronomical part of this survey consists in de- 
termining the latitude and longitude of the stations^ and 
the direction of the sides of the triangles with reference to 
a meridian. 

Professor Bache has undertaken to determine the dif- 
ference of longitude between Greenwich and the most 
important points upon our coast, with the greatest pos- 
sible precision. Por this purpose he has availed himself 
of all the astronomical observations previously on record, 
and has instituted new observations, including those of 
occultations and eclipses, moon culminations, and the ex- 
change of chronometers. Numerous observations have 
been made in Cambridge and its vicinity, in the neighbor- 
hood of New York, Philadelphia, Washington, and 
other places. The difference of longitude between these 
several places has been determined by means of the elec- 
tric telegraph, so that observations at any of these places 
arei equally available for determining the longitude of 
each of them from Greenwich. 

Advantage has been taken of the frequent passage of 
steamers . between Boston and Liverpool, to make a 
thorough comparison of the times of those ports by 
means of chronometers, Por this purpose, as soon as a 
steamer arrives in Boston, its chronometers are taken to 
Cambridge observatory for comparison, where they re- 
main until the steamer is ready to return. Upon arriving 
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in liverpool, tHe ckronometers are taken to tte Liverpool 
observatory, and tbeir errors determined. Th i s method 
of comparison has been systematically pursued since 
1844. During the year 1846, forty-two such compari- 
sons -were made. In 1848 the longitude of the Cam- 
bridge observatory from Greenwich was determined by 
Mr. Bond, from the transportation of 116 chronometers, 
in thirty-four voyages of the Cunard steamers frofn Liver- 
pool to Boston, to be 4h. 44m. 80-6s. The longitude 
deduced from lunar ocoultations and solar eclipses is 
4h. 44m. 31‘9. During the year 1849, eighty -rseven ad- 
ditional comparisons were made, the results- of which 
differ nearly two seconds^of time from those previously 
obtained by astronomical observations. The mean result 
of 175 chronometers was 4h. 44m..80Ts., and it was be- 
lieved that this result could not be one second in error. 
The final result of the chronometric expeditions of 1849, 
1850, and 1851 was 4h. 44m. 80-66s. During the pro- 
gress of these expeditions, more than four hundred ex- 
changes of -chronometers have been made. 

The results of the coast survey must furnish additional 
materials for determining the figure and dimensions of 
the earth. The Atlantic oos^t embraces rhore than 
twenty degrees of latitude, and its survey will virtually 
furnish a measured arc of the meridian of that extent. 
In several places the s-urvey will furnish long continuous 
arcs upon the same meridian. Thus from Nantucket 
northward we shall obtain an arc of over three degrees ; 
from Cape Lookout, northward along the shore of Ch^aa- 
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peake Bay, we skall obtain an arc of over five degrees ; 
and the Florida coast will famish ns a continuous arc of 
more, than seven degrees. 

The survey of the boundary between the United 
States ^and Texas, in the year 1840, and the Mrvey of 
the north-eastern boundary of Maine between the years 
1840 and 1844, furnished the occasion for the determina- 
tion of the latitude and longitude of numerous points, 
chiefly by Major J, D. Graham of the corps of Topo- 
graphical Engineers. 

In tin summer of 1836, Captain Talcott was employed 
by the government of the United States, to make a series 
of observations near the southern line of Michigan, to settle 
the disputed question of boundary between that Territory 
and Ohio. In this expedition the latitude and longitude 
of several places were determined with great precision. 

The most important astronomical survey hitherto un- 
dertaken by any State government was that commenced 
by the State of Massachusetts, in 1830/ and completed in 
1838. This survey was ' founded upon a base of 7*39 
miles in length, measured on the banks of the Connec- 
ticut river, from which , a net-work of triangles com- 
menced and spread over the entire State. The latitude 
and longitude of twenty-seven places were determined 
independently by Mr. R T. Paine; and the results of 
the two surveys agree remarkably with each other. 

A topographical survey of the State of Maryland has 
recently been executed, under the direction of Mr. J. H, 
Alexander. 
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APPLICATION OP THE ELBCTSlO TELEGEAPH TO ASTEO- 
NOMlCAL EBBS. 

In 1839, Professor Morse suggested to M. Arago, that 
the electric telegraph would afford the means of dllermin- 
ing the differtnce of longitude between distant places with 
an accuracy hitherto unattainable. 

The first practical application of this method was made 
by Captain Charles Wilkes, in June, 1844, between 
Washington and Baltimore.* Captain Wilkes conducted 
the experiments at Washington,' and. Lieutenant Eld at 
Baltimore. Two chronometers, pre'viously' rated by- as- 
tronomical observations in the vicinity, were brought to 
the two telegraph offices, and were compared together 
through the medium of the ear, without coincidence of 
beats. The comparisons of the chronometers were con- 
tinued for three days, and the results indicated that the 
Battle Monument at Baltimore was Im. 34-87s. east of 
the Capitol. This method will furnish differences of 
longitude with a precision greater than any method 
hitherto practiced ; but it is susceptible of great im- 
provements. 

■ * Vafl’s American Bloctrct-Magnetic Telegrapli, page 60 .'- ^ 
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In the year 1845, a plan was adopted by Professor A. 

D. Bache, Superintendent of the Coast Survey, to apply 
this method in an improved form, to the determination 
of the difference of longitude between the principal sta- 
tions of the survey ; and in 1846 measures were taken to 
connect in this manner Washington, Philadelphia, and 
New York. An arrangement was made with the* tele- 
graph company, to allow the use of their line for scien- 
tific purposes, after the usual business operations had 
closed for the day. A line of wires was extended from 
the General Post OflS.ce in Washington to the Naval Ob- 
servatory ; a wire was carried from the main line thorough 
the High School observatory at Philadelphia ; and a short 
wire was carried from the oflS.ce in Jersey City to a station 
fitted up as a temporary observatory, and furnished with 
a five^feet transit telescope >nd an astronomical clock. 
The observations 'at Washington were made by Professor 

E. Keith; those at Philadelphia by Professor B. 0, Ken-* 
dall; £jnd those at Jersey City by Professor B. Loomis; 
the whole being under the direction of Mr. S. C. Walker. 
Bach station was furnished with a telegraph key and a 
receiving magnet. 

Wasliington, philadelpMa, and Jersey City were thus 
put in telegraphic connection ; instruments for obtaining 
time were provided ; and to determine the difference of 
longitude of the stations, required simply the means of 
producing an instantaneous effect observable at all the 
stations. This was to be obtained by the motion of 
the armatures of electro-magnets, which had been pre- 
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viox^ly adjusted by Mr. Saxton, so as to secure tbeir 
simultaneous striking on tbe transmission of tlio olcotrio 
current. The first trials -w-hich urere made lor the trans- 
mission of signals were unsuccessful. 'lllio observers 
were not provided with the means of bolding communi- 
cation by the ordinary mode of telegrapjiing, and if every 
■ thing was not arranged exactly as had been previously 
agreed upon, it was impossible to correspond for the pur- 
pose of discovering the source of the difficulty. Oorn- 
munication between Philadelphia and ^Washington, wsis 
however effected on the 10th and 22d of October, and 
the difference of longitude approximately obtained. * Sig- 
nals for ^e by the clock were transmitted, and star 
signals were exchanged. ‘ On the lOtb. of October, tbe 
transit of the star 2888 Bailey over the seven wires of tlm 
west transit instrument of the Washington oljsorvatory 
was signalized by Lieutenant Almy. The tinre was noted 
on the Washington clock by Lieutenant Almy, and also 
by Mr. Walker, comparing together, by tbe ear, the seven 
key beats with the clock beats. The same ktsy boats 
were also noted by Professor Kendall at Fhiladolphifu 
These observations gave for tbe difference of longitude 
between the two places 7 minutes and 84 seconds in 
. time. ’ 

The experience of a few nights showed tho necessity of 
complete registering apparatus, such as is ordinarily oiu- 
ployed by the telegraph companies ; and this was acoord- 
ingly ordered, but was not received in season for use 
during the year 1846. 
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In the stunmer of 184:7, the experiments were renewed 
with more complete apparatus. After 10 o clock, p.m:,, 
the three stations at Washington, Philadelphia, and 
Jersey Oity, opposite New York, were converted into 
temporary telegraph offices, as well as astronomical sta- 
tions. The astronomical observations for clock correc- 
tions and personal eq^uatiohs, were arranged by Mr. S. 0. 
Walker, on the model of Struve’s celebrated, chronometnc 
expedition between Pulkova and Altona» 

The following is the method of comparing the local 
times at the different stations. A signal is given at the 
first station by pressing a key, as in the usual mode of 
telegraphing; and the observer at each of the other sta- 
tions hears the click caused by the motion of the armature 
of his electro-magnet. The most obvious method of com- 
parisqn consists in simply striking on the signal key at 
intervals of ten seconds ; the party at the first station re- 
cording the time when the signals yere given, and the 
party at the second station recording the time when the 
signals were received. After about twenty signals have 
been, transmitted from the first station to the second, a 
similar set of signals is returned from the second station to 
the first. The objection to this mode of comparison is that 
it requires the fraction of .a second to be estimated by the 
eto.: The party giving the signals Strikes Ms key m com- 
cidence with the beats of his clock, so'that a\his station 
there is no fraction of a second to be estimated; but at 
the other station, the armature ohck will not probably be 
heard in coincidence with the beats of the clock, and the 
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fraction of a second is to be estimated by the ear. Now 
this fraction can not be estimated with the accuracy 
■which is demanded in this kind of comparison. It is 
found that observers generally estimate the fraction of a 
second too small when using the ear alone, unassisted by 
the eye. This error is greatest at the middle date be- 
tween two clock beats, and is found to Wary from 0'06 to 
GTS of a second with different observers. 

The experience of a few nights with the preceding 
method of observation, suggested a second method of 
comparison which relies on the coincidence of a mean 
solar and sidereal clock or chronometer. .A sidereal 
clock gains upon a solar clock one second in about six 
minutes; and if t'wo such clocks are placed side' by side 
they must tick together once in every six minutes. In 
order to compare two such clocks, we notice their move- 
ments, and wait until the beats sensibly coincide, when 
we know that their difference amounts to an entire num- 
ber of seconds, which is" readily discovered. Chronom- 
eters generally make two beats in a second; so that 
between a clock which beats seconds of sidereal time, 
and a chronometer which ‘ticks half seconds of solar 
time, there must be a coincidence every three minutes. 

The following is the method pursued in the comparisons 
between Philadelphia and Jersey Oily. After transmit- 
tmg a few^signals by the former method, so as to deter- 
mine the difference between the local times of the two sta- 
tions within a small fraction of a second, the party at the 
first station - commences striking on his signal key every 
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second, in coincidence 'witli tte beats of bis mean solar 
chronometer, and continues to do so for ten or fifteen 
minutes without interruption. The party at the second 
station compares the armature click, of his magnet with 
the beats, of his sidereal clock, and watches for a coinci- 
dence, and records the time when a coincidence takes 
pkice. When he has obtained two or three coincidences, 
which generally requires from ten to fifteen minutes, he 
breaks the electric circuit, in order to notify the first 
party, to stop beating. He then commences beating 
seconds by striking his own signal key in comcidence 
with the beats of his sidereal clock and the party at the 
first station compares the armature clicks of his magnet 
■with the beats of his solar chronometer, and watches for a 
coincidence. When he has obtained three or four coin- 
ddences, which generally requires ten or twelve nunutes, 
he breaks the - electric circuit, in order to notify the 
other party to stop beating. The comparison of times at 

the two stations is now complete. 

The following is the result of this summer’s campaign : 


DlFFBRrNOB OF LONOITUDE BETWEEN 

PhUadelpTiia and PhiladelpMa and 

Waaliinffton. J ersey City. 


■WasMngton and 
Jersey City. 


im, July 19, 

Im. 32S.969 

4m. 

30S.440 



. u. 

21, 

33.196 





n 

24, 

33.058 


30.3.05 




21, 



30.426 ' 



. 

28, 

29, 

33.060 


30.4'70 . 
30.40'7 

i2m. 

3S.652 

A.ug. 

.... It 

3, 

10, 

*33.134 


30.386 

30-439 


3.452 

it 

n. 



30.303 

. 


Means, 

Tm. B3s:0*l9 

4 m. 

303.391 

12ni. 

38.604 
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*Eor tlie distance of 250 miles embraced in these ex- 
periments, the electric current took no sensible time to 
propagate itself, and it appeared that two clocks at this 
distance could be compared with the same degree of 
precision as if they were placed side by side. 

During the summer of 1848, similar experiments were 
made to determine the difference of longitude between 
ISTew York and Cambridge. A wire was extended from 
the Cambridge observatory, to connect with the New 
York and Boston line near Brighton; and another wire 
was carried from the same line to Mr. Eutherford’s ob- 
servatory in the upper part of New York city. Thus 
the observatories at*New York and Cambridge were 
put in telegraphic communication. At New York a 
new forty-five inch^ transit instrument, by Simms, of 
London, belonging to the Coast Survey, was used for 
, local time, and a sidereal clock with chronometers for 
.comparison. At Cambridge a similar transit was used, 
with numerous chronometers carefully compared. The 
observations at Cambridge were made by Professor 
W, G. Bond, and those at New York by Professor 
E. Loomis. The comparisons of time were made both 
by the method of coincidences already explained, and 
by telegraphing the teansit of the same star over both 
meridians. The latter method was practiced in the fol- 
lowing manner: 

A list of zenith stars is selected beforehand, and 
furnished to each observer* When every thing is pre-* 
pared for observation, the Cambridge astronomer points 
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Ms telescope upon one of tlie selected stars as it is 
passing his meridian, and strikes the key of Ms register 
at the instant the star appears to coincide with^ the first 
wire of his transit. He makes a record of the time by 
his own chronometer ; and the Hew York astronomer, 
hearing the click of Ms magnet, records the time by his 
own- clock. As the star passes over the second wire of 
the transit instrument, the Cambridge astronomer again 
strikes the key of his register, and the time is recorded 
both at Cambridge and New York. The same operation 
is repeated for each of the other wires. The Cambridge 
astronomer now points his telescope upon the next star 
of the list, which culminates after an interval of five or 
six minutes, and telegraphs its transit in the same man- 
ner. In about twelve minutes from the former observa- 
tion, the first star passes the me^dian of New York, when 
the New York astronomer points his transit instrument 
upon the same star, and strikes the key of his renter 
at the instant the star passes each wire of his transit. 
The times are recorded both at New York apd Cam- 
bridge.* The second star is telegraphed in a similar 
manner. The Cambridge astronomer now selects a 
second pair of stars, and repeats the same series of opera- 
tions, and is foUowed by the astronomer at New York, 
when the star comes upon his *own meridian. By this 
comparison, the difference of time between the two 
stations is obtained independently of the tabular places 
of the stars. 

On seven nights in July and August these methods 
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were practiced, during which time 12,000 signals were 
exchanged between the . obseryatories at New York and 
Cambridge. 

The personal equations for the clock corrections of the 
different observers were obtained by a very extensive 
series of comparisons, 894 in number, the transit of the 
same star over alternate wires of the telescope being 
noted by different observers. 

/ The result of all . the comparisons gave the difference 
of longitude between Cambridge and Idr. Rutherford’s 

observatory, 11. minutes and 26.07 seconds. 

During the month of October, 1848, the difference of 
longitude between the -Cjncinnala,. observatory and the 
High School observatory in Philadelphia was also de- 
termined by telegraph for the use of the United, States 
Coast Survey. A wire was carried from the Cincinnati 
observatory to the Philadelphia line, thus putting the 
observatories of Philadelphia and Cincinnati in tele, 
graphic communication. The series of observations here 
made was substantiaffy the same as had been practiced 
two months before between New York and Cambridge, 
A sidereal clock in Pkiladelphia was compared with a 
-solar. chronometer in Cincinnati, by beating seconds upon 
the key. of the telegraph register for fifteen minutes, and 
noting the instants of coincident beats. Transits of the . 
same stars over both meridians were also telegraphed, 
as had been practiced between Cambridge and New 
York. These comparisons were made on six differ- 
ent nights, and gave the difference of . longiiude be- 
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tween. PHladelpbia and Cincinnati 37 minutes 20.48 
seconds. 

In tlie course of tlie comparisons for longitude by tele- 
graph, up to the autumn of 1848, many thousand signals 
were transmitted, and all by the hands of a human 
operator. But it is impossible for human fingers to 
move with the precision of machinery ; and, after the 
first successful trial of the telegraph for longitude, it 
became evident that an important advantage would be 
secured if the clock could be made to transmit its own 
signals. The desideratum was to make an astronomical 
clock break the electric circuit every second, so that prac- 
tically it might be said that its beats could be heard along 
the entire line of telegraph communication; and this 
must be done in such a manner as not to affect the rate 
of the .clock. A number of different methods of ac- 
complishing this object were speedily proposed ; but as 
several contrivances of a similar kind had previously 
existed, it is thought best tp notice them all in chrono- 
logical order. , ^ 

THE ELECTRIC CIRCUIT BROKEK BY A CLOCK. 

The first invention for breaking the electric current by 
clock-work appears* to be due to Professor Steinheil, of 
Munich, who previous to September, 1839, had perfected 
a method for causing any number of clocks to indicate 
exactly the same time.* This was accomplished by 
means of an arrangement which enabled the, regulating 

^ Moigno’s Traits de TelegrapMe EleotiicLVQ, page 33T. 

It 
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cloci, at the end of ererjliour, to advance OT put back 
tke Lands of tke subordinate clocks, so tLat all sLould 
indicate exactly the same time. This contrivance was as 
follows : One of the wheels in each clock carries a flat 
piece in the form of a spiral, which during the hour, 
slowly raises a weight acting on a lever. The weight, 
when raised, is sustained like the trigger of a musket, 
and the spiral piece has a notch in which the lever may 
be caught. When the instant arrives fox -the standard 
clock to regulate all the others, an electro-magnet (ren- 
dered magnetic by the instantaneous passage of an electric 
current) attracteits armature, causing the arm of the lever 
to fall, and in its fall it catches in' the notch of the spiral 
piece, with which the hands of the clock are connected. 
If during the preceding hour, the clock has gained or lost 
time, the fall of the lever carries backward or forward 
the spiral piece, and with it the hands of the clock, so 
that on every dial , the hands indicate exactly the HamA 
time. Thus all the clocks of "a large city may be made 
to strike the hour at the same instant. 

Tor the-ordinary purposes of 'business, it is not neces- 
sary that the agreement' of the . clocks should extend to 
very minute fiactions of time; if this was however de- 
sired, the _standard clock might; act* directly Upon the 
pendulums of the subordinate clocks, so as to render their 
times of vibration perfectly eq[ual. 

In the year 1840, Professor Wheatstone, of London, 
invented an apparatus, called' an electro-magnetic olook, 
for enabling a single clock to indicate exaoldy the same 
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time in as many different places as may be required* 
In tHe eleotro-magnetio clock, all the . parts employed in 
an ordinary clock for maintaining and regulating the 
power are entirely dispensed with. It consists simply of 
a face with its second, minute, and hour hands, and of a 
train of wheels which communicate motion from " the 
arbor of the second’s hand to that of the hour hand, in 
the sanie manner as in an ordinary clock train. A small 
electro-magnet is caused to act upon a peculiarly con- 
structed wheel, placed on the second’s arbor, in such a- 
manner that whenever the temporary magnetism is either 
produced or destroyed, the wheel, and consequently the 
second’s hand, advances a sixtieth part of its revolution. 
It is obvious then that if an electric current can be alter- 
nately established and arrested, each resumption and 
cessation lasting for a second, the instrument now de- 
scribed, although unprovided with any internal maintain- 
ing or regulating power, would perform* all the usual 
functions of a perfect clock. The manner in which this 
apparatus is applied to the docks, so that the movements 
of the hands of both may be perfectly simultaneous is.the 
following : 

On the axis which carries the scapement wheel of the 
primary clock, is fixed a small disc of brass, which is 
first divided on its circumference into sixty equal parts ; 
each alternate division is then cut out and filled with a 
piece of wood,,’ So that the circumference consists of 
thirty regular alternations of wood and metal. An ex- 

* Abstracts of the Fhilosophioal Transactions vol w., page 249. 
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tremely light brass spring, wMch is secured to a block of 
ivory or bard wood, and wbicb bas no connection witb 
tbe metallic parts of tbe clock, rests by its free end on 
tbe circumference of tbe disc. A copper wire is fastened 
to tbe fixed end of tbe spring, and proceeds to one end 
of tbe wire of tbe electro-magnet j wbile another wire 
attached to tbe clock-frame is continued until it joins tbe 
other end of that of tbe same electro-magnet. A con- 
stant voltaic battery, consisting of a few elements of very 
small dimensions, is interposed m any part of the circuit. 
By this arrangement, tbe circuit is periodically made and 
broken, in consequence of the spring resting for one 
second on a metal division^ and the next second on a 
wooden divi^on. Tbe circuit may be eitended to any 
length ; and any number of electro-magnetic instruments 
may be thus brought into sympathetic action witb the 
standard clock. 


In tbe year 1840, Mn Alexander Bain, of London; in- 
vented an arrangement by which it was proposed to work 
a great number of clocks simultaneously.* Tbe follow- 
ing •is tbe method by which tbe regulating clock Was 
made to break the electric circuit. A B is' a pendulum 
vibrating seconds. (5 is a plate of ivory afiBixed to the 
frame of the clock, in tbe middle of wbicb is inserted 
a slip of brass D, communicating witb tbe positive pole 
of a voltaic battery. To the pendulum is attached a very 
light brass spring in such a manner that every' vibra- 


^ * Applications of the Electric. FMd to the Usefta Arts 
Alexander Bain, page SY. ' ■ 


Iby Mr. 
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tion of the pendulu.m brings the free end of the spring 
into contact with the strip of brass D, thus conipieting' 
the electric circuit through the 
upper part of the pendulum to the' 
negative pole of the battery ‘ while 
the circuit is broken as soon as the 
spring touches the ivory. - ■ 

Subsequently Mr. Bain adopted 
the arrangement of closing and 
breaking the circuit by ineane of a 
short brass bar, placed in a horiz- 
ontal position near the niiddle of* 
the. pendulum; the bar being slid 
back and forth about one inch at 
each vibration of the pendulum. 

In 1844, Mr. Joseph Saxton 
proposed, to break the electric 
circuit by a pin on the pendulum rod striking a small 
tilt hammer, and also making the circuit by a laHcet: 
shaped point bf platinum at the bottom of the rod 
passing through a globule of mercury. Early in 1846, 
he proposed both methods again, when objections were 
made against them on the supposition that the current of 
electricity passing through the pendulum rod might afreet 
the rate of the clock. To 'meet this objection, he pro- 
posed to insulate the pin by a piece pf ivory, or use a 
glass pin, Or if the other method was used, instead of 
passing the current through the rod, he proposed to at- . 
taoh at the top of .the rod a small lever to be raised by 

• 
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the motion of the pendnlum; the lever to turn on a 
center' near the point of suspension, but ina nl a ted 
from it. ■ . 

In 1849, the arrangement -with a glass pin moving a 
platinum tilt-hammer was applied by Mr. Saxton to the 
Hardy clock of the Coast Survey, and put in operation' at 
the Seaton station in! J uly of that year. This ‘ arrange- 
nlent is shown in the annexed cut. A B 0 represents a 



fine platinum wire, mounted on a pivot atB, the end A 
being somewhat heavier than the other, arid resting upon 
a metalic .bed J>. At 0 the wire is bent so as to form an 
obkise angle. The wire E goes from D to one pole of 
the battery, while the wire H from the other pole of lie 
battery, commumcates with the metallio support G-, and 
thence with the wire A B. When the end A of the 
platinum wire rests upon the ' support D, it is evident that 
the electric circuit is complete..; This apparatus is placed 
near the middle of the pendulum (a portion * of which, 
I K, is represented in the .out), and just in front of it, so 
• that the pendulum may swing behind it without obstruc- 
tion. A small glass pin E, about half an inch in length. 
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is attaclaed to fhe pendurTim iii such a position that, at 
every vibration of the pendulum, the pin slightly im- 
pinges upon the angle 0, of the platinum wire, and forces 
up the end A. As soon as the pin has passed the point 
0^ the end A falls back again upon its support D. 3^hus 
at eveiry vibration of the pendulum, the end of the plati- 
num wire is lifted about a tenth of a second, and rests 
upon D during the remaining nine tenths of the second ; 
that is, the electric circuit is closed about nine tenths of 
every second, and is open during the remaining tenth. 

Tlie method first proposed by Mr, Saxton in 1844, is 
the one which has been employed at the Washington 
observatory since 1849. A small piece of metal M is 
attached to the back of the clock, near 
the lower extremity of the pendulum, 
anS upon it is placed a small globule of 
mercury, so that the index B attached to^ 
the lower extremity of the pendulum may 
pass through ^the globule of mercury once 
in every vibration, A wire from one 
pole of the battery is connected with the 
supports of the pendulum 0, and a second 
wire from the other pole of the battery 
connects with the metallic support of the ^ 
mercury globule,^ If now ,the pendulum 
were at rest, with the point B in the 
mercuiy, it is evident that the electric 
circuit would be complete through the 
pendulum, , If then the pendulum be set in motion, it 
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will break the circuit whenerer it passes out of the ' 
mercury, and restore it again as soon as it touches the 
merbnry. * • 

.In 1843, at the launch of the frigate Earitan at 
Philadelphia, an attempt was made to ascertain the rate 
of motion of the ship when , running off the ways, by 
observing the time required for certain marks on the 
side of the ship to pass fixed points of sight. As this 
method proyed unsatisfactory, Mr. Saxton contrived a- 

machine for registering the motion with certainty. This ' 

contrivance consisted of a half second’s pendulum, *with 
a pin projecting from the rod.. This pin acted bn an 
angle piece attached to a lever which had a small conical 
cup at the end, containing a mixture of oil and ver- 
milion. The cup had a small hole at its apex, and |he 
mixture was prevented from flowing out by the capillary 
action , of a small lock of cotton. A reel, containing 
about 60 feet of white cotton tape, was so placed that 
■the tape passed under the cup as it was drawn out^ and 
had a red dot struck on it every half second by the • 
vibration, of tlie pendulutn. 

Some time afterward, when the steam frigate Princeton 
was ready to be . launched, ' Mr. Saxton constructed a 
machine of the .kind here described; "A wire about two 
feet long was attached to a smaU ring.that hooked on a 
detent, which held the pendulum when it was raised up 
on one side. The other end of the wire was attached 
to the bow of the ship, so that the- first motion . of the 
ship would unhook the pendulum, which, falling to its 
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knvcHl. poiti-fcj caused tte leyer to strike a dot on. the tape 
at l!u> I'lrat; c^narter second, and afterwards at each half 
to tlae end of the tape. This pendnlnm had no 
timiiilahung po-wer, except its own gra-vity, as it was only 
ntqulrod to act for a few seconds. Electricity was not 
iiHwl in tills experiment; but this machine was the' germ 
ol the con-fcidvahces described on page 318 for hreakmg 
the electric cirenit. . • 

In the yean 1847, Mr. j. J. Speed, of Detroit, Michigan, 
CAniccived a plan for cansing all the clocks of a large city 
to indicate -tlae same time. He proposed to haVe all the 
clocks Ml tine city connected with galvanic circuits, and 
operated from some central battery, the hands on the 
clocks moving only at given intervals, and at the instant 
tha circuit should he closed. To close and break the 
oirouit, He load a clock constructed with a tilt-hammer, 
which was lifted by a projecting tooth on one of the 
whoftlfl of tine dock. The credit of this part of the dn- 
ventiou is conceded, however, to Mr. C. F. Johnson, of 
Owego, ISr. TT., and was patented by him in 1846.- The 
iih'ii <»f applying the galvanic ciresuit to give motion to 
1 h«J«» cloolsrs by means of tbe tilt hammer, is claimed by 
Mr. SpoedL. His attention being soon afterward directed 
to other oTojects, Mr, Speed never carried his plan into 
and the clock which he ordered to be con- 
stnutUal -with, the tilt-hammer arrangement is now the 
property of the United States Coast Survey. 

Dr. 1/Oclce, of Cincinnati, in the autumn of 1848, in- 
vcuUhI itn arrangement for breaking the electric circuit 

14 * 
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by means of a tilt-bammer. Dr.. Locke employs a wkeel 
with sixty teeth attached to the axis of the escapement 
wheel. Each tooth in succession strikes against the 
handle of a platinum tilt-hammer, A 0, weighing about 
two grains, and knocks up the hammer, which almost 
immediately falls to a state of rest on a bed of platinum. 



The fulcrum B of the tilt-hammer and, the platinum 
bed rest severally on a small block of wood. Each is 
connected by wires D and E with a pole of the galvanic 
battery, and the circuit is alternately broken and com- 
pleted by the rising and falling of the .hammer. The 
circuit is open , about the one tenth of a second, and 
closed the remaining : nine tenths of ^ each second. ’This 
arrangement was first tested on the 17th of November, 
1848, on the Cincinnati and Pittsburg Kne, about four 
hundred miles in length. The circuit was broken every 
second by the motion of the clock ; and the fillet of 
paper being allowed to run off ffom the reel of the tele- 
graph register, it was graduated into equal portions, 
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consisting of an indented line a,l3ont nine tenths of an 
■inch in length, followed hy a blank space of about one 
tenth of an inch. " ’ ■ 

The Congress of the .United States have expressed 
their conviction of the importance of this invention, by 
awarding the sum of ten thousand dollars to Dr. Locke 
for his invention, and -directing that a clock upon this 
principle should be constructed for the use of the ob- 
servatory at Washington. This clock was completed in 
1850, and has been set up for use at the observatory. 

In 184:9 Professor O. M. MiteheU, of Cincinnati, in- 
vented a method of breaking the electric circuit by means 
of a delicate fibre attached to the pendulum which acts 
upon a cruciform lever, and thus, in every vibration of 
the pendulum, allows a metaUic point to, dip into a cup 
of mercury, which completes the circuit. In the annexed 
figure, A B represents the lower extremity of the pen- 



dulum; BG is a delicate fibre, one end of wMoh is 
attached to the pendulum, and , the other to one arm of 
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a cross, C E F Q-, formed of platinum wire, mounted lilra 
a wlieel upon tlie axis D. The arm D G- of the cross 
being sEghtly the heaviest, rests upon one end of 
a glass tube, G H, bent in the form of a syphon, and 
containing mercury, while the other end, H, of the tube 
is without the clock case, so that it can be reached 
without ' opening the case. The axis D of the cross 
communicates by a wire with one pole of the battery, 
while the end H of the mercury tube communicates with 
the other pole.* As the pendulum approaches to ’the 
extreme left of its arc of vibration, it pulls, by mfla.T), q 
of the fibre B C, upon the arm 0 D, and lifts the end G 
.out of the mercury, thus breaking the electric circuit; 
but during the remaining part of each double ■^bration, 
the point G rests upon the mercury, and the electric 
circuit is complete. Accordingly, in Professor Mitchell’s 
register, the clock dots are made at intervals of two 
seconds. 

In October, 1848, Professor W. C.-.Bond made the 
drawings for a clock to break the electric circuit, and 
his clock was completed in 1860. In -this clock the 
axis of the escapement wheels and also the axis of the 
steel pallets are insulated by a ring of shellac. Wires 
&om the two poles of the battery are connected with 
each axis, so that when either pallet comes in contact 
with an escapement tooth, the electric circuit is closed; 
and when • the contact is broken (as it must be at 
every oscillation of the pendulum) the electric circuit 
is opened. 
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MOX>lii OP RE(^ISTMim THE OBSERTATION^^^ 

^rhc tuosti obyio'as mode of registering tlie beats of tlie 
clotdc. iH *^^porL a long fillet of paper, after tbe ordinary 
iiu^thnd t>i: ‘telegrapHc communications. If tbe paper be 
allowc^l to ar^ixn tbrongli an ordinary Morse registering ap- 
paratUR, and tbe circuit be broken every second by tbe 
clock, tbo graver will trace upon tbe paper a series of 
linen of ec^xial length separated by sboft interruptions 
tbtis: 


It iR caay to reverse tbe action of tbe graver, so tbat 
wlion tbo oirouit is complete, tbe paper sball be entirely 
free, and a. dot be made by tbe breaking of tbe circuit. A 
paper gra^dxiated into seconds by this arrangement ex- 
liibite dots -witb long intervening. spaces tbus : " ’ 


iliitead ojF long lines with short blanks, as shown be- 

tbro. ■' ^ " 

I n orcloT* to indicate the commencement of the minute, 
a dot may Toe omitted at the end of every 60 seconds. 
’Thin iR ixooompbsbed in Dr. Locke’s clock by omitting 
tootlx XXI tbe wheel which breaks tbe circuit, as shown 
at H ill figure page 822. 

Tho mode of using the register for marking tbe date of 
any ly yi ' t;.j is to tap on, a break-oirouit key, simulta- 
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neoRsly witL. the eyent. The beginning of the short line 
thus printed upon the graduated scale of the register, 
• fixes, by a permanent record, the date of the event 
Thus A represents such a record printed upon the gradu- 
ated paper: . 

_ ' _ _'a ■ ' 

By tapping upon the key at the instant a star is seen 
to pass each of the wires of .a transit instrument, the ob- 
servation. is instantly and permanently recorded. The 
usual rate of progress of the fillet under the pen is about 
one inch per second, and the observations are read off by 
means of a graduated transparent scale, about an inch 
sc[uare, as f represehted in the annexed cut^ consisting of 
eq[uidistant and parallel lines, ruled 
^ upon a piece of glass, by means of 
^ a diamond or etched with fluoric 
acid. If the interval between the 
second dots be greater than the 
breadth of the scale, the scale is 
turned obliquely across the fillet, 
until the first and last diYisions exactly comprehend the 
space between the two second do^^ .Xiet the distance 
from 4s. to 6s. on the aboYe scale, be the distance on the 
fillet between the fourth and fifth seconds, and let the dot 
abetween them represent the observation. It appears, 
by inspection, that the observation was recorded between 
4*7 and 4*8 seconds. The distance of a from the nearest 
scale division may be estimated to* tep.ths. Thus; time is 
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accurately xxteasnred to tenths, and may be estimated to 
hundredtliB of a second. On some ao- 
connts it rnore convenient to employ 
a scale cou^isting' of diverging lines, , as 
representeci in the annexed cut, so that 
the of the scale may always 

exactly coixtprehend the interval be- 
tween tlie socond dots, which intervals 
must necessarily vary somewhat in length. • - 

It is important that the paper upon which the observa- 
tions arc xocorded should be reduced to a convenient 
form for pxoservation. The long jSllet of paper employed 
in ordinar^r telegraphing, is very inconvenient for astro- 
nomical pixxposes. If the paper is allowed t® run off at 
the rate of one inch ^per second, the length of Met re- 
quired f5or oiie hour’s observations would be 3600 inches, or 
800 feet; jaiad for a single night’s work of an observatory^, 

, a lengtli of* nearly half a mile would be required. The 
inconvomoxice of managing such a strip of paper detracts 
materially from the value 6f the method. 

In tide . Slimmer of 1849, Mr. Saxton completed a re- 
gister ’wlxi.oTi is well adapted to the regular work of an 
observatoxy. It consists of a cylinder which may be 
made of 3 *xiy convenient dimensions, say six inches in 
diametex axid two feet long, enveloped with paper which 
may be removed at pleasure. This cylinder is made to 
revolve VT'ifh a uniform motion, while the registering pen 
moves forward at the rate of one tenth of an inch to 
* every re v’olution of the cylinder. Thus the pen is made 
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to trace a spiral on tlie cylinder, and one steet of paper, 
twelve inctes by twenty, lasts for more tban two bonrs 
of constant work. Two sheets will contain 
an ordinary night’s work. 

In order to secure the full advantage of 
this method, it is important that the paper 
which contains the register be made to ad- 
vance with entire ijniformity. The Messrs. 
Bond have ' invented for this purpose a 
machine which they call the Spring Gov- 
ernor, consisting of a train of clock-work- 
connected with the axis of a fly-wheel. It 
has an escapement-wheel, into the teeth of 
which pallets are operated by the oscillations 
j ?) of a pendulum., as in ordinary clocks, the 
wheel being so connected with its axis by 
a spring as to allow the axis to move while 
the wheel is detained by the pallets. The 
register is made upon a sheet of paper 
wrapped round a cylinder, The annexed 
specimen is a fac-simile, taken from a record 
sheet msed at the Cambridge observatory. 

signal announcing the ap- 
proiich of a, star to the right ascension wires 
of the transit instrument; 0 indicates the 
passage of the star over the &st wire ; and 
D indicates the passage over the second wire 
The passage over the first wire took 
place at 7h. 16m. 7s.4, and the passage, 
over the second wire at 7h. 16m. 11s. 4. 









APPLIOAHON OP THE ELECTRIC TELEGRAPH. 329 

[r. Kerrison lias invented a.metliod of regulating tlie 
ion of tlie registering cylinders by means of two 
t pendulums attaobed to cranks, in sucl. a^ manner,' 
the one crank shall be at its ma^mum effect when 
other is passing its dejad point. The weight, by 
oh the works are kept in motion, has in this raange- 
it .a considerable influence on the .velocity ; conse- 
utly it was found very difficult to regulate it, and 
in regulated, almost impossible to keep it so. The 
iber of pendulums were increased by Mr. Kerrison in 
hope of overcoming the" difficulty, but hitherto 
lout success. ' 

’rofessor Mitchell’s method of recording right ascen- 
ts was invented in 1849, and consists of a horizontal 
! which is made to revolve with uniform velocity once 
linute dn a vertical axis. This disc carries either a 
;al plate, or a^iaper disc, on which the time and oh- 
rations are recorded by pens drawn by eleotro'-mag- 
3 .’ At every alternate second, a dot is struck by the 
e-pen on the paper. When the disc has performed 
1 revolution, a tooth upon the axis of the disc takes 
d of a fixed rack, and moves the traveling frame, 
ich carries the center of the disc through the tenth 
an inch, when a new circumference of time dots is 
amenced. The observation dots fall intermediate 
ween the minute circles and second dots, and are struck 
as to distinguish them by form from the time dots. 
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OBSERTATIONS FOR. LONGITUDE SINCE THE AUTUMN 
■■ ■ OP 1^8. , ' 

On tte 17th of November, 1848, Professor tiocke, at 
Cincinnati, undertook so t 9 connect Hs clock with the 
telegraph line that its beats should be heard and regis- 
tered at PittsbuTg, a distance of about four hundred 
miles. The circuit -was broken every second at Cin- 
cinnati by the motion of ' the clock ; and, at Pittsburg, 
the fillet of paper being allowed to run oflEirorn the reel 
of 'the telegraplj register*, it was graduated into, equal 
portions, consisting of an indented line about nine-tenths 
of ^n inch in length, followed by a blank Space of about 
one-tenth of an inch. The two correspond to one second 
of time, commencing with the beginning of the line. 
This experiment was continued for two hours, during 
which time the seconds of the Cincinnati clock were 
registered on the running fillet of paper at all the offices 
along' the line!. In order to distinguish the hours and 
minutes upon this graduated, paper, Dr. Locke proposed- 
tO;,make the beginning of |)he ordinary minutes omit 
one blank space ; ,the beginning of five minutes omit two, 
of ten minutes Qvree, and ‘of an hour omit four con- 
secutive blank spaces. Thus, ordinary begi n nings of 
minutes have continuous lines of two seconds, fives i/iree, 
tens four, and hours j'lne seconds. 

• In the month of January, 1849, a clock upon Dr. 
Locke’s construction was employed for printing tr ans its 
of ’stars over different meridians for the determination 
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of lon^tude. The observatories at Cambridge, ' hTew 
Yotk and PbnadelpMa, were aU put in communication 
with ea,ch other, and. with Washington city. The clock 
winch was to be employed was set up in Philadelphia, 
and connected with the telegraph line.. Simultaneously 
with the beats of this clock, a click wa,s heard of thO 
magnets at .Cambridge, New York and Washington. 
The paper being allowed to run off from the reel, it was 
graduated into pai^s corresponding to the beats of the 
Philadelphia clock. The astronomer at Cambridge now 
selects a convenient star for observation, and announces 
it by name to each of the other stations. He strikes the 
key of his register - as the star passes snccessively each 
wire of his transit instrument, and the dates are printed 
not only ufbn his own roll of paper, but also upon those 
at New York, Philadelphia and Washington. When 
the same star comes over the meridian of New York, 
the observer there goes through the same operation, and 
his observations are printed upon 'all four of the papers. 
The Philadelphia observer does the same when the star 
comes upon his own meridian. Thus we have four long 
rolls of paper, one at Cambridge, a second at New- York, 
a third at Philadelphia, and a fourth at Washington, all 
graduated into equal parts by the ticking of the Phila- 
delphia clock, and , upon these we have printed the 
instants at which the ,star was seen to pass each wire of 
the transits at Cambridge, New York and Philadelphia. 
The position of edch mark thus printed shows not only 
the second of occurrence, but also the fraction of a 
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seconS, wMch may be measured with scale and diyiders. 
Thus, if we suppose the transit instruments to be alliad- 
justed to the meridian, and the rate of the clock to be 
correct, we have obtained the difference of longitude of 
the stations compared, independently of the tabular place 
of the star employed, and also independently of the 
absolute error of' the clock. The observers now read 
their levels, and reverse their transit instruments. The 
Cambridge astronomer selects a sefdnd star,, which is 
telegraphed in the same manner as the first. Thus the 
error ' of collimation of all the , telescopes is corrected. 
The other errors of * the instruments must be determined 
by separate observations in the usual manner. Subse- 
quently a third and a fourth star were selected by the 
Cambridge ■ astronomer, and telegraphed the. same 
manner as they passed in succession over the different 
meridians. These experiments were made on the 23d 
of January, 184:9, and occupied most of the night. The 
results Were most wonderful, and have opened an en- 
' tirely new field of investigation. Hitherto in transit 
observations, astronomers had been accustomed to es- 
timate fractions . of a •sebond entirely by the ear, -with. 
only i^oh hssistande^om 1^ as could be derived 
from the rapid motion of the star through the field of the 
telescope. ' The error of Such an observation, even with 
practiced observers, firequently arnounts to a quarter of 
a ^second. 'But in this new mode of observation, the 
observer has , no use for his ears. The astronomer 
"might in future be made wif^^out ears. It is only neo- 
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essary for Mm to move Ms fingers at tlie instant tlie 
star is seen to pass eapli we of Ms telescope, and Ms 
observation is recorded in a permanent forna, and may 
be subsequently examined at Ms leisure. 

Daring tbe months of July and August, 1849, a tele- 
graphic comparison was made ‘between the observa- 
tories of Philadelphia, and Hudson, Ohio. Signals were 
exchanged on three different nights, the results of which 
gave the difference of longitude between the High School 
observatory, and the Hudson observatory 26m. 6-7s. 
During the same summer, some new comparisons were 

•made between Philadelphia- and ‘Washington. 

On the 6th of Pebruary, 1860, a perfect telegraph con- 
nection was made between Washington and’ Charleston, 
South Carolina. ■ The thermometer at Washington Was 
10°' Pahrenheit, and at Charleston 28° Pah., and the in- 
sulation of the wires was excellent. ■ Professor Lewis E. 
Gibbes wras in charge of the operations at Charleston, and 
the operations at Washington were conducted by S. 0. 
Walker. The times of transit of a full series of zenith 
stars were telegtaphed between Professor Gibbes’s observ 
atdry and Washington, and recorded on the register at 
each station. The instruments were all well adjusted, and 
all necessary precautions taken to insure satisfactory re- 
sults. Signals were also exchanged on the 11th and 
12th of Pebruary, but the results were not so satisfactory 
as those of the 5th. The result of these comparisons in- 
dicates that Charleston is 11m. 46-2Ts. west of Wash- 
ington. 
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In March, 1861, the diiference of longitxido lictwcen 
Ghailestoh and Sarannah -was determined by t.cUv.<;ra|.Ii. 
At the Charleston end, the observations wore math! by 
Professor Lewis. E. Gibbes, at bis.bhsorvatory ; and at tho 
Savannah end by Mr.' 0. 0. Bontelle. il hns tlio baiiiton 
station at 'Washington 'wlis connected ■with Savannah, thti 
difference of longitude between Charleston and 'VVjiahiiig- 
ton having been determined, in the operations of the pns- 
vious year. • ' ' 

In December, 1851, was determined tho <lifferon<.» of 
longitude- between Cambridge, Mass., and Bangor, Maine; 
and also between Bangor and Halifax, Nova Sc!Otia, un- 
der the general direction of Professor S. 0. Walker, 
Professor Bond, of Cambridge, and Captain Shoxtlaiui, 
of the British Admiralty Survey of Nova Scotia, had 
concerted the connection of these two places by tho tele- 
graph; and it was considered important to furnish an 
intermediate station in Maine, and to connoot the Survey 
of the United States -with the British Survey. 'Fho 
operations were entirely successful, as far as Oamb ridge 
and Bangor were concerned, but tho number of MignalH 
exchanged between Bangor and Halifiix 'was smal 1. 

The differehoO df dongitudO- between Seaton station, at 
Washington, and Eoslyn station, near Petersburg, V;»., 
was determined by observations made on six nights 
between July 3 and -August 7, 1862. Tho ohiof objoot 
in these, observations was to examine tho influence of’ tho 
different ciroumstances producing errors in the longitudo 
determinations, by this, method. In determining tho 
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difference of longitude, one Hundred and twenty-four ob- 
servations were made upon tbirty-five zenitb stars ] 
eighteen observations for coUimation and nine for 
equatorial intervals were made upon three circumpolar 
stars. In connection with these operations, one hundred 
and twenty-two obseiyations were made upon twelve 
stars for local time.- The instrument employed was a 
forty-three inch transit instrument; the diaphragm con- 
sisted of twenty -five wires arranged in groups of five. 
The result of these observations shows Petersburg to be 
Im. 85’603s. West of Washington, with, a probable error 
of +. 0'009s. The probable error of a single set of ob- 
servations of a star over fifteen wires is +.0-081s. The 
residual probable error of a single night’s work, with 
the transits of fifteen stars telegraphed from and received 
at both stations, not accounted for by the etror of tap- 
ping and receiving, ds but 0-004s., oi, may be considered 
insensible, so that it is unnecessary to multiply the num- 
ber of nights of observation. 

3l)uring the winter of 1862 and ’63; a second determi- 
nation of the difference of longitude between Charleston, 
^puth Oarohna, and the Seaton station in W^ashington 
was attempted under the direction of Dr. B, A. Gould. 
Prom the middle of December until the middle of Peh- 
ruary. Dr. Gould remained in Charleston, observing on 
every fair night circumpolar stars' with * reversals, and 
both zenith and equatorial stars ' bhronographically, for 
the determination of time and instrumental corrections. 
Whenever the sky was unclouded both at Washingtcm 
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and Ghaileston, the batteries were set up, and the greater 
part of the night spent# in attempts to obtain direct com- 
munication between the two, places. ' After a series of the 
most raried experiments, the operators were forced to the 
conclusion that, the condition of the telegraph wires was 
such that (hrect telegraphic communication between the 
two stations was impossible. It thus became necessary 
to establish an intermediate station: and one was accord- 
ingly erected at Raleigh, North Carolina. It was here 
found that direct communication both with Washington 
and Charleston was possible. ' The series of observations 
was completed on the 14th of May, 1863, at which time 
eighty-four transits, of stars had been , exchanged with 
Washington on four nights ; and fifty-nine exchanged 
with Charleston on four nights. 

During the winter of 1853 and ’54, the longitude exp)6ri- 
ments were renewed under the direction of Dr. Q-onld* 
On account of * the telegraph facilities, it appeared de- 
sirable that Columbia,, South Carolina, rather than 
Charleston should form a. link in the great chain of 
telegraphic longitude-stations’ which are to connect the 
north-eastern mth the south-western sea-sports of th# 
United States, and a station was ■ accordingly selected at 
Columbia. The observations at Columbia were made, by 
Dr. Gould and those at Raleigh by Mr. G. W. Dean. It 
was Dr. Gould’s intention , to push the longitude con- 
nections as far as , Macon, Gorgia, and an astronomical 
station was also selected in that city, hut the unfavorable 
state of the weath^ prevented his occupying that station. 
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The observations were commenced at Columbia, January 
4, 1864, but no opporttoity for exchanging signals vrith 
Raleigh could be obtained until January 21st. It was 
not until the 11th of February, that three good series of 
star signals had been exchanged. Dr. Gould then took 
charge of the station at Raleigh, while Mr. Dean went to 
Columbia, and on the 12th of March, they succeeded in 
completing the second series of three nights’ satisfactory 
exchange of signals. - ' > 

The season being too advanced for the proposed 
connection of Columbia and Macon/ the Columbia instru- 
ments were removed to Wilmington, North Carolina, and 
those at Raleigh to Roslyn station near Petersburg, Va., 
and the observations for the connection of these two 
places commenced with the rnonth of May. Star signals 
were exchanged between Mr, Pouxtales at Petersburg and 
Mr. Dean- at Wilmington on the 27th of May and 6th of 
June, when they exchanged stations, and again worked 
sucfiessfully on the 20th and 23d of June. 

In January and I^ebruary, 1865, observations were 
made to determine the difference of longitude between 
Cambridge, Mass., and Fredericton, New Brunswick. 
It was originally intended to have an unbroken telegraph 
pommunication between the Fredericton observatory 
and that of Rarvard University, but in consequence of 
the wires from the latter to the office in Boston being out 
of repair. Professor Bond .found it necessary to trust to 
two sidereal chronometers for the interval. The chro- 
nometers were carefolly and repeatedly compared with 
' 15 
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tte transit clock at OamlDridge, kotli before and after in- 
tercbanging signals, so as to ascertain tbeir error and 
ratp ; and at both observatories, on eaob day of operations, 
the meridian passage's of a nnmber of stars were observed, 
in order to obtain the error and rate of the transit clocks. 
The method of operation was as follows: The assistant 
at Boston commenced at an even minute by his chro- 
nometerj , and sent second-beats for fifty consecutive 
seconds. This was continued for ten successive minutes, 
beginning always at the even minute, and the times were 
fioted by the transit clock at Fredericton. Sub- 
sequently the observers at' Fredericton took the initia- 
tive and sent a series of signals to Boston. The following 
are the results of these comparisons: 

1855, Jan. 23. Longitude by signals sent from B. to P. lira. Sl'SSa. 


Peb.2. 

ft 

F. to B. 

67-30a. 

u 


P. to B. 

67-308. 

St 


. B. to p; 

67-20S. 

Feb. 10. 


P. to B. 

67-Us. 

, <( 


B. to P. 

67-19a 

- • ' <c ' 


P. to B. 

67-198. 

■ 4(' 


B. to P. 

57-198. 


Result of all the comparisons 6 'I *238. 


During the winter of 1864-5, the telegraph operations 
for longitude were extended as far as Macon, Q-a., and- 
arrangements were' made* for continuing the work to 
Montgomery and Mobile. In December, 1864, Dr. 
Q-ould, assisted ^ by, Mr. G-oodfellow, occupied the ob- 
servatory at Columbia, S. 0., and Mr. Dean took charge 
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of tlie station at Macon. After successful exchanges of 
signals on three different nights, Messrs. Dean and Grood- 
fello-w interchanged stations, and obtained exchanges on 
three more nights with satisfactory results. The series 
of astronomical ohservations extended from December 
30th to March 16th. The clocks employed were adapted 
to the chrohographic method of obseryation by^ Mr.' 
Saxton. The spring governor and Kerrison regulator 
were used for the chronographic registry of the transit 
observations ; but during the exchange of telegraphic 
signals, an ordinary Morse register was also enaployed 
at each station, and was found to give results com- 
parable in accuracy with either of "the former, owing to 
the greater length of the seconds as recorded upon the 
Met, and to the general uniformity maintained during 
any change of rate. 

During the winter of 1856-6, a.comparison was made 
between Wilmington, K 0., and Columbia, S. C., by means 
of a new telegraph line, which gives one determination of 
longitude between Petersburg and Columbia by the way 
of Ealeigh, and another by the way of Wilmington. Sig- 
nals were also exchanged between Macon and Montgom- 
ery, Ala. Preliminary arrangements have .been made 
at Mobile for the next season’s wor^:, and , the station 
at Mew Orleans has been selected. The arrangements 
for determining the difference of longitude between Mew 
Orleans and the observatories along the eastern coast 
of the United States are therefore fast approaching 
their completion. ■ 
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The following are tlie rules now adopted in the Coast 
Survey operations for longitude. After the operators 
have connected the . ohservatories and adjusted their 
magnets, so that the two stations receive each other’s 
writing well with the least possible pass, the clock of 
the most eastern station is put on. The observer at the 
other station then strikes a dot each alternate second, 
until the observer at the clock station signifies “Aye, 
aye,”* by double dpts, each alternate second. The e^c- 
change of signal then begins as follows : . 

First star. 

Reading of level. 

\ Second star, 

' Reversal of instrument/ / 

Third star. ‘ 

Reading of level, 
etc. etc. 

In general it is only desirable io obserye on tbe three 
middle tallies. The obserrer ialvrays informs the re- 
corder of the tallies obseirved, and of any lost or badly 
struck threads. When ten stars have been satisfactorily 
exchianged, the eastern clock is taken off the circuit, tod 
the -western clock put on;- and the exchange of ten stars 
more completes the telegraphic work for the night. A 
good deternpination of the instrumental corrections after 
file close of telegraph 'work, is faf preferable to any in- 
crease of the n-umber of staf exchanges above twenty. 

When fifty stars have been satisfactorily exchanged, 
and on not less than three nigh-ts, the observers @x- 
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cTiangb stations, leaving the transit instrument and clocl: 
as before, meeting, however, on one night to observe for 
personal equation. Fifty stars are then to be exchanged 
again on not less than* three nights, in the new position 
of the observers, and new series of observations made 
for personal equation. / . . , 

APPLICATION OF THE ELEOTBIO OIBOUIT TO ASTBONOMIGAlL 
OBSEBVATIONS. 

It is obvio% that the. electric circuit, as it has been 
employed in the determination of longitude, may also 
be employed in the ordinary business of an astronomical 
observatory. When Professor Locke invented his 
electro-chronograph, by which the electric circuit was 
broken, and dots were printed on paper every second 
by the action of* a clock, Mr. ^Walker and many others 
anticipated th^t this would immediately supersede the 
old method of observing transits of stars. This new 
method of observation has a great advantage over the 
old in respect of accuracy. Astronomers have hitherto 
measured small intervals of time by listening to the 
beats of a clock or cbronometer, and estimating, as well 
as they were able, the fraction of a second when any 
event has occnrred, such as an oocultation of a star, or 
the transit of a star over the wires of a telescope. The 
ear is, however, a very imperfect organ. "While the eye 
reachly estimates a fraction of a liae with the precision 
of a tenth, the ear- seldom distinguishes sinaller portions 
of an interval of time than a fifth. In the opinion of 
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Mr. 'Walker,- tie error in Ike meckanical part of imprint- 
ing a’ date on tke automatic clock register, and in reading 
off the record, need not exceed a kundredtli part of a 
second. Mr. Walker estimates that a transit over' one 
wire, printed by the new method, is worth four wires 
observed by the old method. . 

Another advantage of the new method of observation 
arises from the increased amount of work which can be 
done in a given time. Fifteen seconds is the ordinary 
equatorial interval for the wires of a transit instrument. 
In the new method of observing, the equatorial intervals 
may be reduced. from fifteen to two seconds, or even to 
'one and a half. In this manner the number of bisections 
in a singlq crOminatipn of a star maybe multiplied ten 
fold, making a gain/of forty fold by the new or automatic 
method. This'is the estimated gain from the . multipli- 
cation of transits over wires, and the superior precision 
of each. There are, however, other circumstances which 
detract from this advantage, such as the tinie required to 
prepare the apparatus for observation, to transcribe the 
printed record into figures, etc. 

Before, howevQf, the full Advantage of this method 
could be realized, some practical ^difficulties remained to 
be overcome, of which the most important were the two 
following : ' 

1st. It was essential to the accuracy of the new method 
that the fillet of paper, or whatever might be the surface 
upon which the dots were registered, should be m 9 ,de 
to ndTance with perfecliy uniform motion ; and . 
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2d. It was Yery important that the register ‘should not 
merely secure accuracy, but should also be reduced to a 
compact and convenient form. 

The first condition, that of uniform motion of the 
fillet of paper, was very far from being secured with 
the ordinary telegraph apparatus. In this apparatus^ 
the only arrangement for producing uniform motion' 
consists' of a fly, which, revolving with great rapidity, 
and meeting resistance from the air, opposes the descent 
of the moving weight. Now, when in telegraphing, the. 
^aver is pressed against the surface of the paper, the 
friction of the machinery is increased, and by this means 
the velocity* of the paper is* diminished, and the press- 
ure may easily he increased so as to stop the motion 
entirely. The very operation, therefore, of registering 
dots on the - paper, introduces an irregularity in the 
motion of the fillet. Now, it is indispensable to the ' 
' proposed use of the apparatus, that the electric circuit 
. should be closed during the principal part of every 
second; for, when the circuit is open, it is not in the 
power of the operator to print a dot on the paper. 
The result was, that when Dr. Locke’s clock came to 
be used in connection with the Morse registering ap- 
paratus, the graver was kept pressed against the fillet of 
paper about nine-tenths of every second, by which means 
the motion of the fillet was rendered very slow and 
irregular ; but as soon as the circuit was broken, the 
paper moved forward as by ’a sudden impulse. The first 
improvement consisted in reversing the action of the 
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graver^ So -tliat wHen tlie circuit -was complete, the paper 
was entirely free, and a dot was made hy the breaking 
of the circuit. The paper graduated into seconds by 
this arrangement, exhibited dots with long intervening 
spaces, as shown on page 325. 

It was still necessary to introduce some nicer ap- 
paratus for regulating the motion of the surface upon 
which, the dots were to be registered. Pirofessor Mitchell 
causes his registering disc to revolve with a uniform motion 
by connecting it with the driving apparatus of his .Mu- 
nich ecjUatorial. Professor Locke prefers, for the moving 
power, a centrifugal clock. Professor Bond employs a 
machine of his own invention, called the" spring gov- 
ernor, and described on page ■824, Professor j4dry, of 
Greenwich, employs a large conical pendulum, revolving 
in a circle, the diameter of which is about equal to the 
arc of vibration of an ordinary second’s pendulum. 

Mr. Saxton’s arrangement of registering upon a sheet 
ef paper wound round a cylinder, is the most conr 
venient which has been hitherto employed. 

The electric method of recording transits has been 
employed at the Washington observato^ exclipively 
since Decernber, 1849 ; - it was introduced soon afterward 
at the Cambridge, Mass., observatory, and it-is now used 
also at the Greenwich observatory. 
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APPLIOATIOliT OF THE) ELEOTBIO OIBCTTIT TO ASTBONOMiCA-L 
USES m EXJBOPE. 

In 1)606011)61, 1849, the astronom6r royal of England 
communicated to the Royal Astronomical Society a 
detailed account of “the method of observing and re- 
cording transits lately introduced in America j” and he 
concluded his narrative by stating that the possible advan- 
tages of this method appeared so great, that he had begun 
to contemplate thepracticabilily of adopting it in the Royal 
observatoiy. He proposed to 'record the observations 
upon a cylinder, perhaps revolving upon a screw asis ; 
and suggested that great convenience would be gained 
if the movement of the cylinder could be made so per- 
fectly uniform that it could 'be adopted as. the transit 
clock. He, therefore, urged strongly the importance of , 
improvements of the centrifug^ or conical pendulum 
clock, as the only instrument yet ma&e which is able to 
do heavy work with smooth motion, and with an ac- 
curacy at present so great as to make it probable that, 
with due modification, the greatest accuracy may be ob- 
tained. 

In June, 1853, Professor Airy reported that owing to 
various delays his apparatus was not yet brought into 
use ; but that he had brought it to such a state, that he 
was beginning; to try whether the barrel moved with suffi- 
cient uniformity to be itself used as the transit clock. . 

The first transits reeorded'by the electric method at 

Greenwich were made on March 27, 1854, and since that 

15 * 
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time all tlie transits, with trifling irLterruptions, have been 
made by the same agency, except for tlie Yery alow * 
circumpolar stars, for which they use the same wires, but 
hj observation "with eye and ean The paper on wliich 
the punctures are to be made is folded in a wet state 
upon a brass cylinder covered with a single thickness 
of woolen cloth, and has its edges united by glue. 

'The punctures are produced by two systems of 
prickers,, which have, nothing in common, except that 
they are carried by the^ same traveling frame which 
moves slowly in the direction of the barrel axis, while 
the barrel revolves beneath it. One pricker is driven, by 
a galvanic magnet, whose galvanic circuit is completed 
at every second of sideriaj time. Professor Airy at first 
intended that the completion of the circuit should be 
effected by the same clock (regulated by a conical pen- 
dulum) which drives the barrel. He found, however, 
that he could not insure such a constancy in the arc of 
the pendxiluin as would make its rate sufficiently uniform 
to entitle it to be considered as the fundamental cloclk* 
He therefore carried wires from the pricker magnet to 
the transit clock, and connected them with springs whose 
contact is made at every second by the transit clock. A 
wheel of 60 teeth is fixed on the escape-wheel axis, nnd 
the teeth of this wheel in succession make momentaxy 
contacts of the galvanic springs. The positbn of the 
springs is so adjusted that the effort of the wheel-tooth 
upon them occurs only when one escape-tooth has passod 
the sloping surface of the pallet, and the other esoapo- 
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tootli is dropping upon its bearing ; so that the resistance 
of the springs does not affect the legitimate action of the 
train upon the pendulum. 

The other pricker is driven, by a galvanic magnet, 
■whose circuit ia completed by an. arbitrary touch made 
by an observer’s finger upon a contact piece. There are 
three contact pieces. One is upon the eye end of the 
transit circle ; the other two are upon the base plate x>f 
the altazimuth, one to be used with vertical face to the 
right, the other with vertical face to the left. Thus alt- 
azimuth observations are referred absol'^ly to the same 
• time record as transit circle observations. ' 

It is necessary to mark upon the revolving barrel the 
beginnings of some minutes ; and the numeration of some 
hours and minutes. This is done by arbitrary punctures, 
given by the observer’s touch.' In order to guide the eye 
through the multi-tude of dots upon the sheet, hnes of ink 
are traced by means of a glass pen, which is attached 
to the same frame as that by which the prickers, are 
carried. ■. 

Wires have been inserted in the ■wire-plates, both of 
the transit circle and of the altazimuth, at intervals 
adapted to the rapid observation by touch. The wires 
of the transit circle, and the vertical wires of the altazi- 
muth are adapted to intervals of about 42" and 48" of 
arc ; the intervals of the horizontal ■wires of the altazi- 
muth do not exceed 24" of arc. ' These are probably the 
smallest intervals that have ever been used for similar 
observations. . The old systems of wires are not dis- 
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turbed nor rendered confused; so tbat with the transit 
circle, either 7 wires may he ohserVed by ear, or 9 by 
touch ; and with the altazimuth, either 6 by ear or 6 by 
touch. 

Professor Airy remarks that 'this apparatus is how 
generally efficient* It is troublesome in use : consuming 
much time in the galvanic preparations, the preparation 
of the paper, and the translation of the puncture indica- 
tions into figures. But among the observers who use it, 
there is but one opinion on its astronomical merits-^that, 
in freedom fi:cia personal equation and in general ac- 
curacy, it is very far superior to the observations by eye 
and ear. 

Electro-magnetic registering apparatus has also been 
mtroduced by Dr. Lament at the Munich observatory 
and is described in the work, Beschreibung der an 
der Munchener Sternwarte zu den Beobachtungen ver- 
wendeten meuen Instrumente und Apparate von Dr. La- 
ment, Mifnchen, 1851:” 

It is not known that the American method of observ- 
ing has been introduced into any other observatories of 
Europe; but M. Leverrier, the Director of the Imperial 
observatory of Paris, has recently drawn up a Eeport in 
which he recommends 16 construct a large meridian 
circle/ and to economise the resources presented by 
dj^anfical electricity, in order to assure tq the observa* 
tions all the precision of which they are susceptible., 
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EXPEBIMEHTS MADE IH EUROPE FOE THE DETERMINA- 
TION OF OEOG-EAPHIOAL LONGITUDE BY THE 
ELECTRIC TELEGRAPH. 

During tte summer of J852, tlie Epyal observatory at 
.Grreen-wicli was put in galvanic communication with the 
principal telegrapli offices in London, for tlie purpose of 
determining differences of longitude witb. otber observa- 
tories, Britisb. arid continental. . The first comparison, 
was made between tbe observatories, of Greenwicb. and 
Cambridge. Tbe electric current -was • made to pass 
tbrougb tbe coils of a. telegraph needle at Greenwich, 
and through the coils of another telegraph needle at 
Cambridge, so that tbe completion of the circuit at Green- 
wich produced a movement both in the needle at Green- 
wich and in that at Cambridge. ^The order of operations 
was as follows J 

. At’ 11 P. K., Greenwich mean solar time, Greenwich 
commenced by giving five signals at intervals of about 2 
seconds each. The turn-plates were changed, and Cam- 
bridge responded by five ^similar signals. These were 
merely to say ‘‘All is right.” Greenwich then gave 
groups of signals at intervals of 10s. to 15s., in numbers 
of from three to nine signals in a group (some of them 
being transits of stars) to llh. 16m. Notice was pre- 
viously given of the number of signals to be expected in 
each group, by giving tbe same number of warning signals 
at intervals'of abbut two seconds. Then Cambridge gave 
similar groupi's of signals to llh. 80m. ThemGreenwioh 
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gave signals to llh. 45m., and Cambridge to 12b. Om. 
This closed tbe ni^t’s signals. From 135 to 160 efficient 
signals were given. Tbe evenings selected for tbe deter- 
mination of tbe longitude of Cambridge were those of 
May 17 and 18, 1853. On May 17, Mr. Dunkin observed 
transits and galvanic signals at Green wicb, and Mr. Todd 
observed at , Cambridge. On tbe morning of tbe 18tb, 
tbe observers were interchanged, and Mr. Todd observed 
transits ’and signals at Greenwich, wbdle Mr. Dunkin ob- 
served at Cambridge. The errors of tbe transit clock 
were determined by two methods : method (A) in which 
tbelTautical Almanac stars were employed, but nopar- 
ticidar care was taken for the identity of the stars at tbe 
two stations; and, method (B) in which the same stars 
were observed at both stations, but no attention was 
given to the accuracy of the assumed right ascensions. 

For comparison of the Cambridge transit clock, with 
the chronometers used at the railway stations. Professor 
Challis employed three chronometers. It was found 
necessary to reject the comparisons of one of them. ■ 

The result? of these operations were as foUows : 

■ MoHioa (A). , MetUoi (B). 

May IT, ty 146 signals, Bast longitude csrCamMdge 22-660S. 22-601s. 

May 18, by 186 signals, • ' ' 22-Tl3s. , 22-T82a * 

■ Mean 22-68Ts. 22'691s. 

Mean of tbe -whole • 22‘689s. " 

The result arrived at in 1829 by teansmission of chro- 
norneters was 28'643. ■ . 
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Oa May 25, 1853, signals were passed in tlie same 
manner to and from Edinburg, for . tbe determination of 
tbe longitude of Edinburg observatory. In these com- 
parisons the following result was obtained, that when a 
signal is given at Greenwich by means of a Greenwich 
battery, the time noted for the signal at Edinburg is later 
than that noted at Greenwich by -j-V of a second of time, 
and^?^ce vefsity if the signal is given at Edinburg by means 
of an Edinburg battery.* This difference Professor 
Airy ascribes to two causes; first, the time actually pc- 
cupied by the transmission of th6 galvanic pulse, which 
according to the American determination, would explain 
less than half of the difference ; secondly, the circum- 
stance that the galvanic current when it reaches the 
distant needle is somewhat less vigorous than when it 
passes the nearer needle, and the languid movement of 
the distant needle catches the eye more slowly and is re- 
corded as occurring at a later time. 

In August, 1853, observations were made to determine 
the * difference of longitude between the observatory at 
Berlin and that at Erankfort on the Maine. M. Bncke 
and Dr. Briinnow observed at the former station, and Dr. 
Lorey at the latter. The telegraph apparatus employed 
was Morse’s. It was agreed that Dr. Lorey should an- 
nounce by signal when the experiments were abCtit to 
commence, after which he was to make a teies of signals 
during the next ton minutes, it being arranged that he 
was to make a new signal about the beginning of each 
successive minute. M. Bncke observed the corresponding 
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]time at the telegraph office in Berlin, upon a mean solar 
chronometer, ■while Dr. Briinnow made similar observa- 
tions upon a sidereal chronometer. The ten signals 
being observed, Dr. Briinnow gave a signal from Berlin 
to announce that a new set of experiments was about to 
commence, and this was followed by ten sudcessive sig- 
nals as before. The following is the result for the Ion- 
;gitude of Frankfort west of Berlin: . 

SiaNALS FHOM FEANKFOET. 

18m. &l‘t9s. Encke. 18m. 51-»r2s. Brunnqw. 

, 51-858. 

18m. Sl-tSs. 18m. 6Ll9s. 

Mean ISm. 61*'! *78. 

, Siq-NAl^S FROM BERLIN, 

• 18m.*61.5fs, iincke,* 18m. 51*928. Brnnnow. 

5213s. 

18m. 61*’74s. , 18m. 62*03s. 

Mean 18m. 61 *898. 

or on the whole, a mean difference of longitude amount- 
ing to 18m. 61*83s, The difference of the two results 
can hot arise from the circumstance that the transiUission 
^ of the signals is not instantaneous, since during the in- 

terval of transmission, the Frankfort signals ought to 
have arrived too la1;p at Berlin, in which case the differ- 
ence of longitude should have turned out too great ; 
while the Berlin signals by arriving too lato at Frahk- 
foft should have indicated the difference of longitude too 
small. In reality, however, the Berlin signals mad© the 
west longitude greater than its true vplue. These experi- 
ments consequently indicate that with the means of oh- 
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servation here employed, the Telocity of the electric 
current is insensible for the distance between Berlin and 
Brankfort ; a distance which, by the circnitons route of the 
telegraph, amounts to about 300 English miles. 

In November, 1853, the difference of longitude be- 
tween the observatories of Greenwich and Brussels -was 
determined^ by means of the electric telegraph. gal- 
vanic telegraph needle was mounted in the observatory 
at Brussels in close proximity to the ' transit-clock, nearly 
as irg the G^^eenwich observatory. The signals to be 
mad^ were simple/deviations of the needle, produced 
directly by the galvanic” current through the long com-^ 
municating wire. 

It was arranged that the observations should be divided 
into two series : that in the first series an observer from 
•Brussels (M. Bouvy) should’ observe both the galvanic 
signals and the transits for correcting the transit clock at 
Greenwich, while an observer from Greenwich (Mr. Dun- 
kin) mad,e the corresponding observations . at Brussels; 
that this series should be continued till satisfactory ob- 
serrations had been obtained upon at least three even- 
ings ;* that the observers should then be reversed, and the 
second series be observed in the same mariner. iHie 
. signals were to occupy one hour in each eyenmg, from 
lOh. to llh. Brussels mean solar time, each heur being 
divided into four quarters. The contacts of wires fox 
completing galvanic circuit were to be made at Green- 
wich and with a Greenwich battery in the' first and third 
quarters, and at Brussels with a Brussels battery in the 
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second and Ibnrtli (^narters ; and iDetween tlio two seta of 
observations at ea.cb place tbe poles of tbe battery "wore 
to "be reversed. ^ 

The transit clocks were corrected bj two distinct 
methods in the same manner as in the operations for de- 
termining the longitude of Cambridge. 

The final results for the difference of longitude m 
determined by the two methods A and B are the 
following: 

. , Method A. * Method B. 

■ Mm of the first series ITm. 29 *2608. ' 11m. 20-34,0s. 

“ second series 28*5388. ■ 28*4 t GB. 

Mean of the two series " I7m. 28’89'7a. I7m. 28*90 Hh. 

* “These determinations rest upon 1104 signals. The 
last result 17m. 28‘9s. is the best that can be given for 
the *difierence of longitude of the two observatories. It 
is however remarkable that the difference of tlie results 
given by; the two series is 0*791s., "which is probably due 
to personal equation of the observers. 

The time employed by the galvanic current in paissing 
between the two observatories, a distance of 270 miles, in 
0T09s., which indicates a Velocity of only 2600 miles per 
second. ^ It is however to be remarked, that from ( Jretm- 
wich to London and thence to Ostend, the whole of the 
line is subterraneous or sub-aqueous, and it is considored 
pmhable that the observed retardation belongs almost 
entirdy to this portion of the line. 

In May and June, 1854, the difference of longitude 
between Greenwich and Paris ohservatoriei was deter- 
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mined ; and tlie arrangements adopted -were tlie sanie as 
liad been previously tried between Greenwich and Brus- 
sels. Mr. D unkin, assistant at Greenwich observatory 
went to Paris, and M. Faye, assistant at the Paris ob- 
servatory, went to Greenwich, and the comparisons 
commenced the 27th of May. The second series, of 
observations commenced June 12th, and were made by 
Mr. Dunkin . at Greenwich and by M. Faye at Paris. 
* The final results for the difference of longitude as 
determined by the two methods A and B are the 


following.: 





FIRST SERIES. 



Number of signals. 

Method A. 

Method B. 

1854, May 2V, 

146, 

9m. 20‘40s. 

9m.. 2 0-3 8s. 

“ 29, 

146, 

. 20-593. 

20*66s. 

“ 31, 

14T, 

20-643. 

20-^63. 

June S, 

, ■ 145, 

. 20-463. 

(( 

“ * 4, 

124, 

20'49S. 

20-63S. 


MeattS ■ 

9m. 20-493. 

.9m. 20*61s. 


SECOND SERIES. 

• 

• 

Number of signals. 

Method A. 

Method B. 

June 12, 

132, 

9m. 20-113. 

9m. 20*763 

« 13, 

132, 

20-193. 

20*11a 

“ I'?, 

140, 

20-lls. 

20-163. 

“ 18, 

131, 

20-693. 

20-13S. 

, “ 20, 

. ’ 148, 

20-143. 

20-163. 

21, 

. 165, 

20*193. 

20*143. 

“ 24, 

161, 

20-843. 

20-84U . 


Means 

9m. 20-lls. 

9m. 20*163. 

Ooneluded longitude , 

9m..20-63s. 

9m. 20-63S. 


In order to refer the , position of the observatory of 
Greenwich to the ancient meridian of France, we must 
subtract from the preceding result 0-12s. which represents 
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tlie distance between tbis meridian and the present posi- 
tion of the transit, instrument of the Paris observatory. 
We thns have for the final result 9m. 20'51s. 

The difference of longitude between Greenwich and 
Paris has been heretofore determined with all the 
accuracy Which science could supply; by eclipses of 
the sun; by occultations of stars; by explosions of 
rockets ; by . geodetic triangulation ; and by the tranS'* 
portation of chronometers. 

The first important measure was mad© in 1790, by a 
triangulation conducted by General Eoy for England, 
and by MM. Cassini, Mechainj -and Legendre for Prance. 
This measurement gave the difference of longitude 
9m. 18'8s. . ■ 

The second geodetic measurement was made in 1821, 
2 and 3, by Captains Eater and Colby for England, and 
by Prench ^tronomers from Calais to Paris, fidhe result 
pfthis measurement was 9m. 21-18s. 

, In 1825 the, difference of longitude was determined by 
fire signals,. The operations were, conducted by Messrs. 
Hersohel and Sabine for England, and MM. Bonne and 
Largeteau for ''Prance. The result of this trial was 
9m. 21-4:6s. ' * 

Li 1838, Mr. Dent, of , London,* transported twelve of 
his chronometers from Greensrich to Paris, and returned, 
thein ffom Paris, to Greenwich, having compared them 
each time with the -clocks at the- two observatories. The 
mean of the results fiimished by these chronometers was 
9m. 22'ls. in going, and 9m. 20-6s. in returning. 
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■ Tlie difference of bngitude betweeii Greenwicli and 
Paris for nearly thirty years bad been assumed to be 
9m. 21s.5 ; and this result is noyr concluded to have been 
too great by an entire second of time. 

The time occupied in the transmission of the electric 
current was found to be 0s.086 at Greenwich, and 0s.079 
at' Paris; the (Kstance beii^S ^bo^t 300 miles. 

DETERMIlirATION OF THE -YELOOITT OF THE BLECTRIO. 

CURRENT. 

The experiments of January 23d, 1849, between Cam- 
bridge, New York, Philadelphia, and Washington, 
afforded an approximate determination of the velocity 
of the electric fluid. If the fluid requires no time for 
its transmission, then the star signals giveft at either 
station ought to be similarly printed at all the stations ; 
and the fraction of a second registered upon any one 
scale should, be identically, the same as upon every other. 
But if the fluifl requires time for its transmission, these 
fractions will be different. Supposp the clock to be at 
Wadiington ; that an arbitrary signal is made at Cam- 
bridge; and that the time required for the transmission 
of a si^al between the two places is the thirtieth of a 
second. Then the clock pause will b® registered at Cam- 
bridge -jVth of a second after it took place and was re- 
• corded at Washington, and the arbitrary, signal pause 
wiH be recorded at Garnbridge as soon as it is made, or 
^th of a second before it reaches. Washington. We 
shaft thus have the interval between the signal pause 
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and the preceding clock pause, longer at Wasliingtc 
than at Cambridge, and the excess on the Washingtc 
register will measure twice the time consumed in tl 
transmission of the signals between the two stations 
Thus, in the following ‘figure, let the upper line re; 
resent a portion of the Washington time scale, corr 
spending to 15, 16, etc., seconds, and the lower line tl 


■Washington, , A S 
Gambridge, . ___ 


1 6 B • J7 m 


same for Cambridge, each division being a little lat( 
than the corresponding one for Washington. Then i 
an arbitrary signal is .made at Cambridge between 16 ar 
17 seconds, and printed at A, the record on the Waal 
ington scale will be at B, and the interval from, 16 to ! 
will exceed that from 16 to A hy twice the time cof 
jgumed in the transmission of the signals from Oambridj 
to Washington. 

* In the observations, of January, 184:9, Profefflc 
Walker detected a difference in the registers of the papcj 
at the several stations, and it indicated a velocity of tl: 
electric wave of 18,800 miles per second.^ 

Oa the Slst- of OctohCT, 1849, similar cxperimcir 
were repeated between Washington and Cincinnati, ir 
dicating a velocity of only 16,000 miles per second.t 
i)r. B.* A. Gould has discussed the same experiment 
and has deduced ix>m the observations of January 23d 

* Proceedings Am. PhU. Soc., yoL T., p. Id, 
t Astronomical JourhaJ, vol. ij p. 65. 
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velocity of 18,000 miles per second, and from tlie ex- 
periments of October 31st a velocity of 18,330 miles per 
second.*^ 

On tlie 12th of November, 1849, Professor Mitchell 
performed a series of experiments on the line between 
Pittsburg and Oincinnati, the circuit being formed by a 
wire from Cincinnati to Pittsburg, and a second wire from 
Pittsburg to Cincinnati, constituting a length of 607 
miles. The wave time deduced from these experiments 
was 0s.02128, corresponding to a velocity of 28,624 miles 
per second.f 

The importance of an accurate determination of the 
velocity with which signals travel along the wires of the 
electric telegraph, induced the superintendent of the CoiivSt 
Survey to undertake a very extensive sei;ies of experi- 
ments for this purpose. On the night of February 4th, 
1860, the telegraph lines from Washington to Pittsburg, 
from Pittsburg to Louisville, and from Louisville to St. 
Louis were all united, so that signals were transmitted 
directly from Washington to St. Louis, and recorded on 
the registers of the four telegraph offices. The length 
of the wire constituting the telegraph line was 1049 
miles, and the shortest distance between the extreme 
stations through the ground was 742 miles. The tem- 
perature was at zero of Fahrenheit from Pittsburg to 
St. Louis, and at eight degrees at Washington. The 
insulation was so perfect, that each station could receive 

^ Procoodmgs Am, Assoc, at How Hayon, p. 9T. 
t Astronomical Journal, vol. I., p. 16 . 
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tile writing of all, without change of adjustment. A 
clock in Washington, prepared hy Mr. Saxton, graduated 
the time scales on the Morse registering fillets at all the 
stations, and arbitrary signals were given at one station, 
and received at all the others. Thus Pittsburg, Oin- 
oinnati, Louisville and St. Louis, were successively, for a 
period of ten minutes, made the stations for arbitrary 
signals, which were printed on all the registers every 
three seconds. These . observations have been carefully 
analyzed by Mr. S. 0. Walker, by Dr. B. A. Q-ould, and 
by Mr. E. Kullman, of the Bavarian engineers. Mr. 
Walker’s final conclusion is, that the velocity of the 
galvanic wave in the iron vrires of the telegraph lines is 
15,400 miles per second; aud that the velocity of the 
wave in the ground is not more than two thirds of the 
velocity in the iron wires.* Dr. Gould obtained as 
the nuost pobable result, a velocity of 14,900 miles per 
second through iron wire, and he concluded that the 
signals were in no case transmitted through the 
ground.f Mr. Kullman obtained a mean result of 
13,000 ncules per second in iron wire, and 9,740 in the 
groumj.^ . 

Prom the experiments, of February 6, 1860, between 
W ashington, and Charl^ton, Dr. Gould deduced the 
velocity of the electric current eq[ual to 16,856 miles 
per 'second.§ 


* OoaBt Surver Eeport for 1860 , p. St. 
t Proceedings Am. Asad, at New Haven, p. 92 . 
t Ibid., t>,A01. § Ibid., P.9'7. 
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On tKe Stli of July, 1850, Mr. Walker tried a variety 
of experiments, for the purpose of testing, by means of 
the chemical telegraph, the"" velocity of propagation of 
the electric current indicated by the Morse telegraph lines. 
These experiments were performed on the line from 
Boston to New York, on a circuit of 407 miles in length, 
220 of which were of iron wire in the air, and 187 
were througl^ the ground. The marks were recorded on 
paper, previously moistened with a solution of ferro- 
cyanate of potassa. As there was no astronomical clock 
in connection with the line, Mr. Walker tapped at in- 
tervals of two seconds on the make-circuit key, and thus 
graduated the chemical disc of paper at Boston and New 
York. The operator at the New York office imprinted 
in every third interval, between the marks of the grad- 
uated scale, three short marks, which were also recorded 
at both stations. These experinients, 63 in number, 
indicated a difference of the New York marks on the 
Boston time-scale, of about one second for every 12,000 
miles.* ' • • 

The experiments made in July and August, 1852, be* 
tween Washington and Petersburg, Ya., indicated a 
velocity .of the electric current equal to 9,800 miles per 
second-t ’ 

Numerous experiments have been made in Prance by 
MM. Piseau and Gounelle in 1860, and by MM. Bur- 


^ Astronomical Journal, vol. I., p. 108. 
t Coast Survey Beport for 1862, p. 26. 
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nouf and G-mllemin in 1854, to determine tlie velocity 

of tke electric current The following is the principle 

* 

upon which these experiments are founded. Conceive an 
insulated metallic wire, a hundred miles or more in 
length, the two extremities of which are brought close 
together. Near one extremity of the wire, hut not in 
contact with it, is one of the poles of a battery, of which 
the other communicates with the ground. Near the other 
extremity of the wire, hut not in contact with it, is the 
wire of a galvanonieter, of which the other end com- 
municates with the earth. If at the same instant we 
touch one end of the wire to the battery and the other 
to the galvanometer, the current runs through the 
wire, reaches the galvanometer, and deflects the needle. 
But the current requires a certain time to traverse the 
wire. If the contacts continue sufficiently long, the cur- 
rent wiU reach the galvanometer, and deflect the needle. 
If the contacts do not continue sufficiently long, the 
current will not reach the galvanometer, and the needle 
will not be deflected. By gradually diminishing the 
time of contact, we may determine the» exact interval at 
which the deviation ceases. This interval is the time 
which the current requires to traverse the wire. 

The contacts are made by the rapid revolution* of a 
wheel whose circumference consists of narrow strips of 
wood and brass alternately. 

MM. Gruillemin and Burnouf concluded from their 
experimentsthatthe velocity of the. electric current in 
an iron wire one sixth of ah inch in diameter, was 
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108,900 miles per second * MM. Fiseau and Gonnelle 
deduced a velocity of 112,680 miles per second in copper 
wire one tentli of an inch, in diameter, and 62,600 miles 
in iron wire one sixth of an inch in diameter.f 

All these results differ materially from that obtained in 
1836 by ‘Professor Wheatstone, who determined the 
velocity of frictional electricity to be 288,000 miles per 
second. Professor Faraday is of opinion that the veloc- 
ity of discharge through the same wire must vary with 
the tension or intensity of the first urging force ; and on 
account of the lateral induction of the current, he con- 
siders that the velocity must be different if the wires be 
turned round a frame in small space, or be spread through 
the air through a large space, or adhere to walls, or be 
laid upon the ground. 

The telegraph wires from London to Manchester are 
covered with gutta-percha inclosed in metallic Jiibes, and 
buried in the earth ; and when they are all connected so 
as to make one series, form a length of over 1500 miles. 
Professor Faraday placed one galvanometer at the be- 
ginning of. the wire ; a second galvanometer in the 
middle ; and a third at the end ; the three galvanometers 
being side by side in the same room, and the third per- 
fectly connected with the earth. On bringing the pole 
of a battery into contact with the wire through the gal- 
vanometers, the first galvanometer was instantly affected; 
after about a second the next was affected; and it re- 
quired two seconds for the electric stream to reach the 

^ Comptea Eendus, Aug. 14, 1854. | Ibid., April 15, 1850. 
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last galvanometer. Again, all tlie instruments being de- 
flected, wlien the* battery was cut off, the first galvanom- 
eter instantly fell to zero ; but the second did not fall 
until a little while after; and the third only after a still 
longer interval — a current flowing on to the end of 
the wire, while there was none flowing in at the be- 
ginning. 


niFFRRBNOES OF nEOmNATION RECORDED BY ELECTRO- 
MAGNETISM:. 

Differences of declination may be recorded by means of 
electro-magnetism. This is accom'plished by inserting in 
th^ focus of the meridional telescoj)e two systems of 
spider lines, one vertical, and the other inclined at an 
angle of 45°. . Let A B represent the horizontal wire of 
the transit instrument, D El the 
middle vertical wire, and L G a 
wire inclined to the latter at an 
angle of 46°. Let the telescope 
be pointed upon a star as it ap- 
proaches the meridian, and let it 
be bisected by the wire A B, while 
ihe time of passing the vertical wire D E is recorded. 
Let the telescope remain firmly fixed in its position, and 
suppose a second star enters the field at H and traverses 
the path H L. Let the instant of passing E G at I, and 
D E at K he recorded. Then if the angle D 0 E is 46°, 
C K(which is the difference of declination of the two 
stars) will he equal to K I. The line K I is measured by 
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tlie time required for the star to describe this portion of 
its path; and the observed time is easily converted into 
arc of a great circle. If a third star enters the field at 
M, and crosses the wire D E at "N, and E Gr at 0, then 
C N is the difference of declination of the first and third 
stars ; and in the same manner, by observing the transits 
of any number of stars over the wires D E and 'F G-, in 
the same position o*f the telescope, we shall obtain their 
differences of declination as well as of right ascension. 
In order to diminish the errors of observation, we intro- 
duce a large number of inclined wires, at intervals of two 
or three seconds from each other, as well as a large num- 
ber of vertical wires; and the times of transit over each 
system of wires are recorded by electro-magnetism. 

This method is well adapted to the construction of a 
catalogue of stars, where it is ptoposed to record the 
position of every star within the range of the telescope. 
Eor this purpose the telescope is firmly clamped, and re- 
mains fixed in its position during the observations of an 
entire evening or night, while the observer, sitting with his 
eye at the telescope,, has but to press his finger upon a key 
at the instant a star is seen to pass each wire of the two sys- 
tems already mentioned. This mode of observation has been 
practiced at the Washington observatory since 1849. The 
wires for right ascension are 36 in number, and are divided 
into groups or fascicles of five each, the interval between 
two wires being from two to three seconds. To complete 
a set of observations on any one fascicle requires only 
from eight to ten seconds. The wires for differences of 
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declination are also 35 in number, and are arranged 
in groups of five eacb. In order to prevent any con- 
fusion bet-ween observations 
for right ascension and those 
for declination, the rule is, 
to observe for right ascen- 
sion on one fascicle of wires 
first ; then by a telegraphic 
symbol, to denote the mag- 
nitude of the star ; and after- 
ward to observe it on a fas- 
cicle of inclined wires for 
declination. The several fascicles are distinguished from 
each other by the inequalities of the intervals. 

Professor 0. M. Mitchell has invented a different 
method of registering the declinations of the heavenly 
bodies by means of the electric circuit, dispensing entirely 
with the use of a graduated circle. For this purpose, he 
attaches firmly to the axis of his transit instrument by a 
strong clamp collar, a light bar, about six; feet in length. 
To the upper part of this arm an electro-magnet is fixed, 
which operates a double lever armed with a steel rc(;ord- 
ing pen.. To receive the record, a metallic plate is placed 
vertically on the face of the transit pier, moving in ways 
parallel to the circles described by the recording pen. 
To use this instrument for record, the observer sets for 
his standard star ; the arm is then brought to the vertical 
and clamped. The instrument is then clamped, and a 
Mngent screw gives to the observer his slow motion for 



OF THE ELEOTBIC TELEORAPH. 367 

)ringi^^^ S'fca.x to the declination wires. When the star 
s tilK^ observer strikes the key with his finger, the 

drcuii> the electro-magnet br&gs the pen in 

jontao"^ witlx -tlie record plate; and while in contact, the 
)lat‘e ^ ds in its ways, and a zero line is described on 

he &oaDa which -all differences of declination ar'e 

ifter'vV'^^**^^^ Professor Mitchell uses three declination 

mresj tilxoire are three zero lines obtained from the 

standu^^*^^* When the difference of declination of one 

jtar 3 1.1^® hovixx recorded, the plate moves upward about 
he to‘XA*fcli op art inch, and is ready for the next record. 

To X'C3^<i t-lxo record of declination, the plate is laid on 
i ^xxdL leveled by four screws : a movable arc, 

iividoci into oq[nal parts, whose values have been abso- 
lutely' clotex’^mined and tabulated, is adjusted so that its 
zero ooiaoidLes with the zero line of the record. It then 
glideH on its ’W'siys, parallel to and just above the record 
plate.* A, xnicxometer screw, and microscope, with a 
^■pidov'^B woT 3, xead the fractions of the equal parts into 
whioli the jaxo is divided, with great facility and with 
great ixeonraey.* ^ 


SECTION y. 


ASTEONOHIOIL PUBIICATIOm 

AMOJ>r& astronomical publications in tMs country, the 
translation of la Place’s Mecanique Celeste, by Bow- 
ditcb, deservedly bolds the first rank. Although, in 
name merely a translation of a foreign hook, with a com- 
mentary, it has liiany claims to the character of an 
original work. 

The observations made by Lieutenant Gilliss at Wash- 
ington from 1838 to 1842, have been published by order 
of Congress, and form an octavo volume of 672 pages. 
Three volumes of observations, made at the Naval ob- 
servatory at Washington, have been published. The 
observations for 1845 constitute a quarto volume of 560 
pages, with 13 plates ; the observations for 1846 consti- 
tute a quarto of 676 pages; and the observations for 
1847 constitute a volume of 480 pages,, accompanied by 
44 plates, showing a series of observations of solar spots 
by Professor Sestind, made at Ceorgetown observatory. * 

In 1852 was published No. 1 of the “ Annals of the 
Georgetown Observatory,” being a quarto volume of 
216 pages, chiefly occupied with a description of the 
building and instruments. 
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In 1855 was publislied Vol. 1., Part II., of tbe “An- 
nals of Harvard College Observatory,” being a quarto 
volume of 416 pages^ containing a catalogue of 5,500 
stars situated between the equator and 0° 20' north dec- 
lination. 

With the preceding exceptions, the American contri- 
butions to. astronomical science are to be found in 
periodic^s and the transactions of scientific societies. 

The Transactions of the Eoyal Society of London 
contain some observations by American astronomers 
before the Kevolution. The Transactions of the Ameri- 
can Philosophical Society contain valuable papers from 
Eittenhouse, Ewing, Smith, BUicott, Dunbar, Lambert, 
Adrain, Hassler, Gummere, Talcott, Courtenay, Loomis, 
Mason,' ISTicollet, Walker, Kend*all, Bartlett, GiUiss, and 
several others. Among the subjects of these communi- 
cations may be enumerated the transit of Yenus in 1769 ; 
the transit of Mercury in 1769 ; the comets of 1770, 
1807, 1842, 1843, and 1844 ; the solar eclipses of 1791, 
1803, 1806, 1831, 1834, 1836, and 1838 ; numerous oc- 
cultations of stars ; moon culminations ; observations of 
nebulae ; observations and computations for the latitude 
and longitude of numerous places in this country. 

The Memoirs and Proceedings of the American 
Academy contain important papers from Willard, Wil- 
liams, Winthrop, Webber, Dean, Bowditch, Eisher, 
Paine, W. C. Bond, G. P. Bond, and Graham. Among 
the subjects of these papers may be enumerated observa- 
tions of the transits of Mercury in 1782, 1789, and 1846 ; 

16 ^ 
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tke comets of 1807, 1811, 1819, 1845, 1846, and 1847 ; 
the solar eclipses of 1780, 1781, 1782, 1791, 1806, 1811, 
1846, and 1846 ; Yarious occultations of stars; observa- 
tions of nebulae ; and observations and computations for 
the latitude and longitude of various places in the 
TTnited States. 

The Memoirs of the Connecticut Academy contain 
observations of the comets of 1807 and 1811, by Mans- 
field and Day, and the calculation of the longitude of 
Yale College. 

The Transactions of the Albany Institute contain a 
notice of the solar eclipse of 1806, by Simeon De Witt, 
and observations of the solar oclipses of 1831 and 1832, 
by Professor S. Alexander, 

The American Journal of Science contains some 
original observations of comets and eclipses, and has 
been the vehicle for the diffusion of much valuable in- 
formation respecting subjects of passing interest 

The American Almanac, which has been published 
regularly since 1830, has given each year very full com- 
putations of all visible eclipses, and the elements for the 
calculation of occultations of stars by the moon. These 
computations were made by Mr. R. T.. Paine until the 
year 1841, and since that time by Professor Pierce and 
Mr. a P. Bond. 

The United States Almanac, ■which only continued for 
three years, gare, in, addition to the usual astronomical 
ai-ticles, a great variety of tables useM to computers. 

The computation of the oocultations of all stars down 
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to the aixth magnitude, for nearly twenty years, has been 
made by Messrs. WalkeT, Downes and Paine. Mr. 
Downes’ computations for the years 184:8, 1849, 1850 
and 1851, have been published, by the Smithsonian 
Institution. They contain the times of all the occulta- 
tions visible at Washington, and elements for facihtating 
a similar computation for any part of North America. 

During the session of 1849, Congress made an ap- 
propriation of $6,000 for the commencement of an 
American Nautical Almanac. Lieutenant (now Com- 
mander) Charles H. Davis, of the United States Navy, 
was appointed superintendent, and ' the preparation of 
different parts of the work was assigned to a corps of 
computers. Lieutenant Davis secured the valuable 
services of Professor Peirce as consulting astronomer; 
the theoretical part of the work was placed under his 
direction; and most of the calculations pass under his 
final revision. 

The first volume was published in 1852, being the 
almanac for 1855, consisting of 552 octavo pages. The 
first part of the work is appropriated to nautical purposes, 
and is calculated for the meridian of Greenwich. The 
second part is designed for the promotion of astronomi- 
cal science, and is adapted to the meridian of Wash- 
ington. The nautical part consists of an ephemeris of 
the sun and moon, and of the planets yenus. Mars, Ju- 
piter and Saturn, together with tables of lunar distances. 
The ephemeris of the inoon is calculated from new tables 
founded onPlana’s theory. The ephemeris of Mercury 
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is derired from tlie tlieoiy giveu by Le Yerrier ; tbe 
epbemeris of Ycsmis is founded on Lindenau’s tables, witb 
corrections from tbe. labors of Breen, Airy and Le 
Yerrier. Lhe epbemeris of Uranus is calculated from 
Bonyard’s ellipse, combined witbLe Yerrier’s perturbar- 
tions by Jupiter and Saturn, and Peirce’s perturbations 
due to Neptune. Tbe epbemeris of Neptune is founded 
on Walker’s orbit and Peirce’s perturbations. 

Tbe Almanac for 1856 was published in 185S. It 
constitutes a volume of 574 pages, and is prepared upon 
nearly tbe same plan as tbe preceding volume. Tbo 
Almanac for 1857 was published in 1864 ; and tbat for 
1868 was pubbsbed in 1865. 

Tbe first periodical undertaken in this country de- 
voted exclusively to astronordy, was tbe Sidereal Mes- 
senger, edited by Professor Mitchell. This was designed 
to exhibit in a popular form the recent discoveries in 
astronomy, and by this means to cultivate a more general 
taste for astronomical science. Tbe work was com- 
menced in July, 1846, and continued for a little over 
two years, When it was abandoned for want of patronage. 

At the meeting of tbe American Association for the 
Advancement of Science at Cambridge in August, 1841), 
Professor J. 6. Hubbard presented a paper, on the estab- 
bsbment of an astronomical journal in the United States, 
and the subject was referred to a select committee. Tbo 
proposition was generally approved, and the first num- 
ber of the “Astronomical Journal” was issued in No- 
vember, 1849, under the editorship of Dr. B. A. Gould. 
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Tins journal is devoted exclusively to the publication 
of original researches and observations in astronomy, 
geology and kindred branches. It is conducted upon the 
model of the Astronomische Nachrichten of Professor Schu- 
macher, and the numbers appear at irregular intervals, 
as matter accumulates, or important information is re- 
ceived. A volume consists of twenty-four numbers, 
each containing eight octavo pages. Yol. I. was com- 
pleted in April, 1851. Yol. II. was completed in Sep- 
tember 1852. Yol. in. in June 1854; and No. 22 of 
Yol. lY. was published in June, 1856. The numbers have 
accordingly averaged a little more than one per month. 

This journal has attained a high reputation, and has 
imparted a fresh impulse to the cause of science in the 
United States. It contains numerous observations of 
newly’ discovered comets and planets made in Europe as 
well as the United States, together with remarks respect- 
ing the orbits of these bodies and various questions in 
astronomy and the pure mathematics. Notice of the first 
discovery of a comet or a planet is immediately an- 
nounced by a special circular, so that the attention of 
observers throughout the country is immediately directed 
to these bodies. 

The tables from which the lunar ephemeris in the 
Nautical Almanac was computed, have been published in 
a quarto volume of 326 pages. These tables were con-^ 
struoted from Plana’s theory, with Airy’s and Long- 
streth’s corrections ; with Hansen’s two inequalities of long 
period arising from the action of Yenus, and Hansen’s 
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values of tlie seculax variations of tlio mean motion 
and of tlie motion of tlie perigee ; and they are arranged 
in a form designed by Professor Peirce. 

Mayer’s Lunar Tables, which were published in 1763, 
represented the moon’s place with greater accuracy than 
any which had hitherto been constructed. The number 
of arguments used in calculating the moon’s longitude 
was fourteen. These tables received the approbation of 
the British Board of Longitude, and the widow of Mayer 
received on account of them a considerable sum of 
money from the British government 

In 1780 were published Mason’s Tables of the Moon. 
In their construction and arrangement they resembled 
Mayer’s tables, btit the number of arguments employed in 
calculating the moon’s longitude amounted to twenty-two. 

In 1806 Burg’s Lunar Tables were published under the 
auspices of the French Bureau des Longitudes. * The 
number of arguments, employed in the calculation of the 
moon’s longitude was twenty-eight 

In 1812, Burckhardt’s Lunar Tables were published. 
The number of arguments in the moon’s longitude was 
thirty-six. 

In "1824:, appeared Damoiseau’s Tables of the Moon, 
founded solely on his own theoretical researches. The 
number of arguments in the ngioon’s longitude is forty- 
seven. . , 

The American Lunar Tables are constructed upon a 
plan recommended by Oarlini. The number of argu?- 
ments for tlie moon’s longitude is seventy-nine. 



SECTION VI. 

THE MANTJEACTURE OE TELESCOPES IN THE UNITED 
STATES. 

Various attempts have been made in. this country to 
mannfactnxe both reflecting and refracting telescopes. I 
shall speak of each of them in succession. 

REELECTING TELESCOPES. 

A great many reflecting telescopes have been con- 
structed by amateur, astronomers in different parts of the 
country; but, for the most part, these attempts have 
been. but. moderately successful, and have contributed 
but little, if any thing, to the progress of science. The 
most important exception to this remark was in the case 
of a telescope manufactured in 1838, by Messrs. Smith, 
Mason and Bradley, the two former gentlemen being at 
that time students of Yale College. This telescope had 
an aperture of twelve inches, and a focal length, of 
fourteen feet. , The mirror was cast, ground, and polished 
by their own hands. Stars of less than one second’s 
distance, were . separated by this instrument; the faint 
star, “debilissima,” near e Lyrse, was easily shown; 
and the nebula in Hercules, between and was re- 
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solved into an immense number of small stars. With 
tHs instrument, Mr. Mason made some verj accurate 
observations of three nebulae, of wbicb an account is 
given in the Transactions of tbe American Philosoph- 
ical Society. This paper affords but a foretaste of 
what might have been anticipated from the talents of 
Mr. Mason, had not his course been arrested by his 
premature death, which occurred Dec. 26th, 1840. 

Several mechanics have undertaken the manufacture 
of reflecting telescopes for sale, but the only one who 
has pursued this business to any great extent is Mr. 
Amasa Holcomb, of Southwick, Massachusetts. ^ Mr. 
Holcomb first attempted the grinding and polishing 
lenses about the year 1826. He then proceeded to the 
manufacture of refracting telescopes, but being dis- 
couraged by the difficultj^ of obtaining suitable glass, 
he turned his attention to reflectors. In this he sue** 
ceeded remarkably well, and now his telescopes are 
found in almost every State of the Union, and some 
have been ordered for foreign countries. Mr. Holcomb 
now manufactures four sizes of instruments. 

The first size is 14 feet long and 10 inches aperture, 
with six eye-pieces, magnifying from 100 to 1000 
times. 

The second size is 10 feet long and 8 inches aperture, 
with six eye-pieces, magnifying from 60 to 800 times. 

The third size is 7-|- feet long and six inches aperture, 
with five eye-pieces, magnifying from 40 to 600 times. 

The fourth size is five feet long and four inches aper- 
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ture, with four eye-pieces, magnifying from 40 to 300 
times. 

These telescopes are of the Herschelian form, and have 
received medals from the American Institute of New 
% York, and the Franklin Institute of Philadelphia, after a 
most thorough and severe examination. With a tele- 
scope of the second size, the double stars, 51 Librse, 
and f Bootis, the components of which are distant from 
each other but little more than one second, have been 
easily separated, and Saturn’s ring seen double nearly 
throughout its visible portion. Mr. Holcomb has sold 
five telescopes of his first size, and as many of the 
second, with a much larger number of the smaller 
sizes. 

BiEPRAOTIHG- TELESCOPES. . 

The experiments which have been made in this 
country in the manufacture of refracting telescopes, may 
be diyided into two classes : namely those which have 
employed American glass, and those which have em- 
ployed foreign glass. ^ 

Several telescopes of small dimensions have been made 
of American glass, which have performed quite satisfac- 
torily ; but the attempts to make large telescopes with 
American glass, so. far as the results have been laid be- 
fore the public, have invariably proved failures. At 
several establishments in this country, glass i^ manufac- 
tured which answers perfectly all the ordinary purposes 
of the arts, and for transparency, compares well with 
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foreign glass ; but it has been found impossible to obtain 
large discs possessing that entire homogeneity and free- 
dom from veins which are demanded in a lens in order 
that it may produce a perfect image. 

In the years 1846 and ’48, Mr. Alvan Clark, of Boston, 
made two telescopes of East Cambridge flint-glass, having 
an aperture of flve inches, which will show' the division 
of the close pair in Zeta Oaacri, and Zeta Bootis, wlmso 
distance is about one second. He has, however, ex- 
pressed his determination to make no more telescopoa of 
American glass, until he can find specimens of a better 
quality. It may be safely asserted, notwithstanding some 
pretensions to the contrary, that no good telesoopio of 
large dimensions has yet been manufactured of American 
glass. 

Ever since the invention of the achromatic telescope by 
Dollond, about a century ago, one of the greatest obstacles 
to the construction of large telescopes, has been the difll- 
culty of obtaining large discs of glass of perfectly uniform 
density and free from veins. The chief dfficulty scorns 
to arise from the difference in the specific gravity of the 
constituents of glass ; some melt at a lower temperature, 
and sinking through the mixture, leave a streak in de- 
scending ; some decompose in a heat required for the 
fusion of others. It has been said that the glass em- 
ployed by Dollond in the manufacture of his best tele- 
scopes was an made at the same time; and the largest 
achromatic object glasses constructed in England, until 
recently, did not exceed flve inches in diameter. Mens 



THE HAHUFAOTUEB OF TELESCOPES, 


379 


than half a century ago, the English Board of Longitude 
oJBEered a considerable reward for bringing the art of 
mating flint-glass for optical purposes to the requisite 
perfection, but it led to no important discoveries. The 
Academy of Sciences at Paris, offered prizes in vain for 
this object; and it remained for a man, not distinguished 
by education, nor a glass-maker by trade, M. Guinand, 
of Switzerland, to have the honor of arriving at the solu- 
tion of the difficulty. 

Guinand was born at Brenets, near Neufchatel, and 
was a workman in the clock and watch trade. Having 
been permitted to inspect an achromatic telescope, he de- 
termined to make one for himself, but could find no glass 
suitable for this purpose in Switzerland. He obtained 
some flint-glass from England, but this was not always 
perfectly pure. He melted it anew, but did not obtain 
satisfactory glass. He then erected on the river Boubs, 
near Brenets, an establishment in which he constructed, 
with his own hands, a very large furnace, and commenced 
the manufacture of glass, and finally succeeded in obtain- 
ing pieces large enough for telescopes. He visited Paris 
in 1798, and 'exhibited discs of from four to six inches in 
diameter. He afterward discovered a method of soften- 
ing pieces of perfectly pure glass, for the purpose of 
giving thern the form of a disc. In the jear 1805, Gui- 
nand was invited by Eeichenbach to assist him in' his 
optical establishment which he had founded at Benedict- 
burn, about 40 miles from Munich. Here he remained 
nine years, but always in a subordinate capacity. In 
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1814, he returned to Brenets, and established a separate 
manufactory, where he made telescopes, and furnished 
both flint and crown-glass. In 1823, he was able to pro- 
duce a disc of a foot and a half in diameter. In 1824, he 
exhibited at the exposition of industry at Paris, a grand 
achromatic object-glass, which excited the admiration of 
the king, who solicited the son of Guinand, then present, 
to invite his father to take up his residence at Paris. 
Unfortunately, the optician was not in a condition to 
remove. He" died in 1825, at the advanced age of nearly 
80 years. 

Another individual who contributed to the reputation 
of the establishment of Eeichenbach, perhaps even more 
than Guinand, was the illustrious Fraunhofer. Fraun- 
hofer was born at Straubing, in Bavaria, in 1787, and .at 
twenty years of age (in 1807) was received into the man- 
ufactory of Eeichenbach. He here exhibited the most 
extraordinary talents, and introduced many improve- 
ments into the manufacture of glass, as well as in the art 
of polishing the spherical surfaces of large object-glasses. 
His crowning, glory was the manufacture of a telescope of 
nearly ten inches aperture, which was purchased for the 
observatory of Dorpat, in Eussia. 

It has been asserted that the object glass of the Dorpat 
telescope was ipade from glass cast by Guinand ; but 
this has been positively denied by- Utschneider, who 
states that, the glass for the Dorpat telescope was cast 
by Fraunhofer, after Guinand left the establishment at 
Benediotburn and*he also states that the glass which 
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Gruinand made was not equal in quality to that whioh. 
Fraunhofer made at a later period. There.can, however, 
he little doubt that much of the reputation of the Munich 
telescopes has resulted from Ghiinand’s experiments in 
the manufacture of glass. The art of making this glass 
is kept a secret. Many particulars of this manufacture 
therefore can only he conjectured. Faraday found the 
specific gravity of Guinand’s flint-glass to be about 
S;616, and that its composition was silica 44‘3, oxyd of 
lead 48’05, and potash 11‘76. It is said that Guinand’s 
original practice was to saw the blocks of glass which he 
obtained at one casting, into horizontal sections, supposing 
that every part of the same horizontal section would have 
the same density. A fortunate accident conducted him 
to a better process. ‘While his men were one day carry- 
ing a block of this glass on a hand-barrow to a saw mill , 
the mass slipped from its bearers, and rolling down a 
declivity was broken to pieces. Guinand selected those 
fragments which appeared perfectly homogeneous, and 
softened them in circular molds in such a manner that 
on cooling, he obtained discs that were afterward fit fc 
working. To this method he adhered, and contrived a 
way of cleaving his glass while cooling, so that the frac- 
tures should follow the most friulty parts. ‘When flaws 
occur in the large masses, they are removed by cleaving 
the pieces with wedges, and then softening them again in 
molds which give them the form of discs. 

It wfll be remembered that glass softens so as to be 
readily molded into any required shape, at a tempera- 
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ture imicli below that of complete fusion ; and it appea: 
to be requisite in this second operation of forming tl 
glass into discs, to stop short of the melting point. I 
the glass be completely melted, bubbles of air ri{ 
through the glass, and are found caught in the glass aft< 
it is cooled, diminishing its transparency, and perha] 
causing even worse defects. Many discs are spoiled i 
this manner. The advantage of allowing the glass ' 
cool before it is cast into discs, is, that it affords an o] 
portunity to inspect the casting, and select such portioi 
as appear less faulty. Bach fragment is then put in 
separate crucible or mold, having a diameter such as 
is proposed to give to the disc, and softened by he 
until it accomodates itself perfectly to the mold; ai 
some discs have marks of having been pressed dov 
into the molds by a weight upon the top. It is the 
annealed by slow cooling in the manner of ordinary gla 
ware. 

After the death of M. 6i*uina?id, his widow and one c 
his sons set up works in Switzerland, upon the fathei 
principles, and were succeeded by M. Theodore Dagu 
(of Soleure, near Neuchatel), who sent to the Londc 
Exhibition of 1851, seTeral discs of flint-glass, the large 
being 16 inches in diameter ; and a disc of crown-gla 
of 7 inches diameter, which were examined and found i 
be good. M. Daguet, by a process of his own, gives i 
flint-glass a degree of hardness not attained by any othi 
manufacturer. His glass, particularly the fliiit, is distil 
guished both by its homogeneousness and its peculij 
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property of resisting all decomposition by tbe action of 
air. A council medal -was awarded to bim at tbe London 
Exhibition. , 

Tbe other son of Q-ninand was introduced by M. Lere- 
bours, of Paris, to M. Bontemps, who bad devoted much 
attention to tbe manufacture of glass generally, and par- 
ticularly of such as is required for optical purposes. He 
formed an association with Bontemps, which, however, 
was not of long continuance. In 1828, they succeeded 
in producing good flint-glass, and discs of from 12 to 14 
inches. In 1848, M. Bontemps was induced to accept 
the invitation of Messrs. Chance, Brothers & Co., of 
Birmingham, England, to unite with them in the attempt 
to improve the quality of glass. They have succeeded 
in producing a disc in flint of 29 inches in diameter, 
weighing 200 pounds, and of crown-glass up to 20 
inches. The former disc was exhibited at the London 
Exposition of 1861, and was found to be entirely free 
from any strise, except a small portion near one of its 
edges. A council medal was awarded to Messrs. Chance 
for this disc. 

The following is a list of prices by Chance, Brothers 
& Co., of Birmingham, for warranted first quality discs 
of flint or crown-glass : 
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inches diameter, 
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M* Maes, of Clicliy, near Paris, exMbited at tlie Lon- 
don, and also at the New York Expositions, specimens 
of a new kind of glass, the basis of which is the oxyd of 
zinc, a certain quantity of boracic acid being added. Its 
extreme limpidity, and total freedom from color, and, so 
far as appears, from veins and striae, seem eminently 
to fit it for optical purposes ; but this glass has not 
stood as yet sufficient time to determine its real value. 
A prize medal was awarded to M. Maes at the London 
Exposition. 

The establishment of M. G-uinand, at Paris, is now 
conducted by M. Eeil, grandson of P. L. Guinand, and the 
following are the prices at which he furnishes discs of 
either crown or flint-glass of the first quality for tele- 


scopes : 

4 incTies diameter, 60 francs. 

5 » « 100 » 

6 « « 200 “ 

V “ “ 250 “ 

8 “ “ 400 “ 

9 » 450 


10 inches diameter, 600 francs. 
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Mr. Josept Baden, of KoUgrub, in BaTaria, was for- 
merly a workman in the establishment of TTtsobneider, 
at Mnnicb, but for many years has conducted an es- 
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tablislimeiit on Ms own account. He makes large discs 
botk of flint and crown-glass of tbe • very best quality 
ibr telescopes. 

While experiments, made in this cotintry with Ameri- 
can glass, have generally proved failures, experiments 
with the aid of foreign glass have been more success- 
ful. Three artists have specially distinguished them- 
selves in the manufacture of refracting telescopes, viz., 
Mr. Henry Fitz, of Hew York; Mr. Alvan Clarke, of 
Boston ; and Mr. Charles A. Spencer, of Canastota, Hew 
York. 

TEIBSCOPES BY HBIJRT EITZ, OF NEW YORK. 

Mr. Ktz’s first telescope was a Cassegrain reflector of 
six inches aperture, 9,nd three feet focal length, which 
was constructed in 1838. In 1844 he saw the fine 
Munich telescope of the Philadelphia High School 
observatory, and determined to attempt the construction 
of an achromatic. In this he succeeded by first making 
a lens of three inches aperture, and. afterward one of 
8 } inches, being the largest piece of flint glass he could 
obtain. The quality of both of these lenses was im- 
paired by veins, as the concave lens was of quite 
ordinary table-ware glass ; still, they compared so favof- 
ably with good Munich telescopes, that Mr. Pitz im- 
mediately commenced one of six inches aperture. This 
was also filled with striaa, excepting in the convex lens, 
which (like the first two) was made of Prench mirror 
plate. This telescope was examined by the late S. 0, 

17 
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Walker, and by Professor Kendall, at tlie PMladelpliia 
ffigh Sdioo], and elicited high approbation. In 1849, 
Mr. ritz completed a telescope of 6f inches aperture for 
the use of the Chilian expedition, and this was the 
lirst telescope composed of proper crown and flint discs, 
all his previous telescopes having been made of I rench 
mirror plate convex lenses, instead of the superior op- 
tical crown, of which he was hitherto ignorant. Since 
1849, Mr. Eitz has been continually increasing the size 
of his object-glasses, until he has at last attained to the 
dimensions of the largest instruments furnished by 
Merz and Mahler, of Munich. We shall enumerate the 
principal telescopes which have been furnished by Mr. 
Fitz, commencing with, those of the largest size. 

No. 1 has a clear aperture of 12^ inches, and a focal 
length of 17, feet. It has 7 negative and 6 positive eye- 
pieces, the highest magnifying power being 1200. The 
declination circle is 20 inches in diameter, graduated to 
20', and reads by four verniers to 20". The right ascen- 
sion circle is 20 inches in diameter, graduated to 20', 
and reads by two- verniers to two seconds of time. The 
telescope is moved by clock-worh, and is furnished with 
a micrometer. This -telescope was sold to the Micliigan 
University for $6000. Dr. Briinnow, the director of the 
Michigan observatory, pronounces this telescope to be a 
good one, and says that it compares favorably with the 
Munich instruments of large size. The six stars in the 
trapezium of Orion are visible without difficulty , and 
Enceladus appears well at all times. The discs ot the 
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planets, and even tlie brightest stars, are very well 
defined. 

No. 2 has an aperture of inches, and a focal length 
of 14 feet. It has 7 negative and 6 positive eye-pieces, 
the highest magnifying power being 1000. The circles 
are of the same size as in No. 1. This telescope was 
sold to West Point Academy for $5000. 

No. 3 has an aperture of 9 inches, and a focal length 
of feet. The highest magnifying power is 600. This 
telescope was sold to Mr. Eutherford, of New York, for 
$2,200. It was made with an unusually short focus, to 
accommodate the size of Mr. Eutlierford’s dome. The 
performance of this telescope is highly satisfactory. 

No. 4 has a focal length of 11 feet, and an aperture 
of 8|- inches. It has twelve eye-pieces, the highest mag- 
nifying 800 times. Price, with clock-work and mi- 
crometer, $2,200; with plain' mounting, $1,600. Mr. 
Pitz has sold two- telescopes of this size ; one to Mr. 
William S. Yanduzee, of Buffalo, N. Y., the other to 
the Friends’’ High School of West Haverford, Pa. 

No. 5 has a focal length of 8 feet, and an aperture of 
61- inches. Highest magnifying power 500. Price, with 
clock-work and micrometer, $1,300. Mr. Fitz has sold 
four telescopes of this size — one to Lieutenant Gilliss, for 
the use of the Ohili expedition; a second to Mr. Yan- 
arsdale, of Newark, N. J. ; a third to South Carolina 
College, Columbia, S. 0. ; and a fourth to Dr. William 
F. Hiokock, of Burlington, Yt, 

No. 6 has a focal length of 7 feet, and an aperture of 
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5 inches. Highest magnifying power 400 times. Price, 
with clock work and micrometer, $1050 ; without clock- 
work and micrometer, $825. Several telescopes of this 
size have been sold. 

No. 7 has a focal length of 5 feet, and an aperture of 
4 inches. Highest magnifying power 250 times. Price 
$225, without clock-work or micrometer. 

Mr. Fitz obtains his crown-glass from the manufactory 
of Bontemps, of Birmingham, England; his flint-glass 
he obtains from Paris. 

Several of these instruments have been subjected to a 
very thorough trial before they were purchased. The in- 
strument for the Chilian expedition was procured under 
the following circumstances. Mr. Fitz volunteered to 
make an object-glass from Guinand’s discs, of the same 
dimensions as that of the High School observatory in 
Philadelphia, which should be compared with that in- 
strument, and, if pronounced equal to it, he should charge 
for it only the cost of a similar lens at Munich. In 
May, 1849, Professor Kendall, of the High School ob- 
servatory, made trial of the Fitz object-glass upon the 
moon, Jupiter, and several double stars; and, after 
careful comparison with his Fraunhofer, declared him- 
self unable to pronounce which was the better glass. 
Several other competent judges assisted at the trial, and 
concurred with Professor Kendall in his opinion. The 
glass was therefore purchased by the government 
according to the contract. Lieutenant Gilliss, after 
thorough trial, pronounced ’ this telescope perfectly 



THE manufacture OF TELESCOPES, 889 

satisfactorj, and says tliat it readily shows the sixth 
star in the trapezium of Orion, and the daily variations 
in the colored portion of Mars. 

TELESCOPES BY ALYAN OIARK, OF BOSTON. 

A little more than ten years since, Mr. Alvan Clark, 
of Boston, undertook the manufacture of telescopes. His 
first experiments were with reflectors, but being dissatis- 
fied with these, he attempted the manufacture of object- 
glasses. In 1846 and 1848, he made two object-glasses 
of East Cambridge flint-glass. Between them he made a 
telescope, of 54 inches aperture, of Guinand glass which 
was sold to Mr. Welles, of Hewburyport. This telescope 
separated the close pair in the triple star Gamma Andro- 
medae, whose distance is two fifths of a second, and showed 
the sixth star in the trapezium of Orion at intervals, 
though with difficulty. After these, Mr. Clark made a 
telescope of 4f inches aperture with which he discovered 
three new double stars; and he has made in all more 
than a dozen object-glasses exceeding four inches aper- 
ture. The following is a list of the largest which he has 
made : 

1. His largest object-glass is of eight inches aperture, 
and now in the hands of Eev. W. E. Dawes, of England, 
unsold. It was sent to England in October, 1866, and 
under date of December 20th, Mr. Dawes writes respect- 
ing it as follows : “Its efficiency is certainly greater than 
that of any other telescope I have tried, both in defining 
the featui’es of a planet, and in splitting close double 
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stars. I have already seen Enceladiis pretty steadily at 
the conjunctions; and on the 18th he was so plaiidy 
visihle near his eastern elongation that I detected 
him before I had quite brought the eye-piece up to 
focus.” 

2. A telescope of 7f inches aperture, still on hand. 

8. A telescope of inches aperture and 9|- feet focal 
length, was sold to Eev. W. E. Dawes and sent to En- 
gland in March, 1854. The following are the remarks of 
Mr. Dawes respecting it : 

Though the crown-glass has a considerable number 
of small bubbles, the performance of the telescope is not 
sensibly affected by that circumstance. In other respects 
the materials are good ; and the figure is so excellent, and 
so uniform throughout the whole of the area, that its 
power is quite equal to any thing which can be expected 
of the aperture ; and consequently both in its illuminat- 
ing and refracting powers, it is decidedly superior to my 
old favorite of 6|- inches aperture. As a specimen of its 
light, I may mention the companion of v Ursa Majoris as 
having been pretty steadily seen with it; and also that I 
have never seen Saturn under tolerable circumstances 
during the present apparition without detecting Bncela- 
dus, even when at or very near his conjunction with the 
planet. When exterior to or tangent to the extremity of 
the ring, this satellite has frequently been perceived as 
soon as my eye was applied to the telescope. Last 
spring, it was seen several times in strong twilight. In 
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separating power, the glass is competent to divide a sixth- 
magnitude star composed of two equal stars, whose centra I 
distance is 0".6.” 

Mr. William Lassell, of Liverpool, in a letter to the 
author, dated July, 1855, says of this telescope: “The 
optical effoifs of Mr. Clark have greatly astonished me. 
I have had an opportunity of observing with his tele- 
scope, purchased by Mr. Dawes, and I consider it, so far 
as I can judge, unsurpassed if not unegualed." 

Mr. Dawes paid $930 for this telescope, and had it fitted 
to his Munich equatorial stand. 

4. A telescope of Tj inches aperture and a focal dis- 
tance of 101 inches, sold to Amherst College. This tele- 
scope has a pendulum driving clock with Bond’s spring 
governor, and is so arranged with a sector clamping upon 
the polar axis, that its motion is remarkably equable and 
firm. The circles are 12 inches in diameter; the right 
ascension circle reading by verniers to two seconds of 
time, the declination circle to 30" of arc. The price of 
this telescope was $1800. 

5. A telescope of 7|- inches aperture, sold to Williams 
College for $900. The equatorial mounting was made by 
Phelps and Gurley. 

6. A telescope of inches aperture was ordered by 
Baron de Rottenburg, for subscribers in Kingston, Canada 
West. This telescope had a plain equatorial mounting 
and was furnished for $860. 

The following is a list of the double stars which Mr, 
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Clark kas discovered, with, telescopes of his own maiui- 
facture : 

Right Ascension. South Decimation. 

61i. 42m. lOs. 14® 68' 47" Mag. 6. | Digcoyero^ with the 41 
8 Sextantis, 9h. 45m. 4s. 7° 24' 1" “ f inch object ghm , 

12h. Om. 20s. 19® 31' 45" « 7. ) 

96 Oeti, 3h. 10m. 423. 1® 28' 48" 6-^.. ) Discovered with the 7 i 

6h. 4m. 19s. 4® 38' 11" “ Qh ^ inch, sold to Mr. Dawes. 

18h. I7m. 11s. 1®39'23" “ 6^. > Disco vered with the Am - 

19h. 50m. 35s. 2® 38' 1" “ 6^ ) horst College telescope. 

Mr. Clark is now engaged on a model instrument de- 
signed to answer some of the purposes of a regular heli- 
ometer. Its micrometer will embrace two degrees, and 
each spider line be supplied with an eye-piece of high 
power. Its efficiency wiE of course depend much on the 
accurate running of the driving clock, while the observer 
is passing his eye from one object to the other. By re- 
moving one of the eye-pieces, it becomes an ordinary 
micrometer for all small distances. 

TELESCOPES BY CHARLES A. SPENCER, 01? O.A.NASTOTA 
NEW YORK. 

Mr Spencer has long been celebrated for the ex- 
cellence of his microscopes. In 1851, a committee of 
the American AssoGiation for the Advancement of 
Science, consisting of Professor J. W. Bailey, Dr. J. 
'loxrgy. Professor J. Lawrence Smith, Dr. W. J. Burnett, 
Ind Dr. Clark, made a report on Spencer’s microscopes, 
awarding the highest prize to his lenses, and concluded 
with the remark, “the committee believe it would be an 
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act of injustice not to state their sincere conviction that 
Spencer’s ohjectives are now the best in the worldP 
Mr. Spencer has recently turned his attention to the 
manufacture of refracting telescopes, and his success in 
this department promises to he as great as in the manu- 
facture of microscopes. His principal telescope is one 
recently completed for Hamilton College, haying an 
aperture of 13J- inches and a focal length of nearly 16 
feet. The flint and crown discs for this instrument were 
procured through the agents, Messrs. Cook, Beckel, & Co., 
New York, from Joseph Bader of Kohlgrub, and have 
been found to be remarkably exempt from striae. Among 
the changes that have been introduced in the construction 
of this instrument, is a method of procuring an absolute 
optical collimation of the object-glass, combined with the 
usual means of making this axis coincident with the 
axis of the tube. The method used to produce this re- 
sult enables the observer instantly to detect the existence 
of any error in respect to collimation; and a further ad- 
vantage of the construction is that the object-glass may 
be made to take any angle of position to the declination 
axis, or to a line joining the components of a system of 
double stars. The foCal length of the object-glass is 
unusually short for its aperture ; and to increase its mag- 
nifying power, an equivalent of twice its focal length is 
obtained by the introduction of a negative achromatic 
near the eye-piece. The htgher of the six negative eye- 
pieces that belong to this instrument are solid^ and of a 
construction radically different from any heretofore used. 

11 * 
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They are found to be singularly free from that milMness 
arising from diffused light and reflected images which 
invariably exist in the usual construction. The field of 
view appears strikingly black and impressive. Eamsden’s 
form has been wholly discarded in the positive eye-pieces 
belonging to the micrometer. These have been made 
achromatic and orthoscopic. Each is composed of two 
double cemented achromatics so calculated as to give a 
perfectly flat field. 

In the year 1855, Mr. Spencer constructed an object- 
glass of nine inches aperture and ten feet focal length, of 
discs made by Bontemps. Erom the few trials that have 
been made with it, its performance is considered excel- 
lent, Mr. Spencer has also made two object-glasses of 
5j inches aperture and seven feet focal length, besides a 
large number of smaller sizes. In their construction, he 
has employed discs made by Bontemps, Bader, Gruinand, 
Maes, and Daguet. 

Mr. Spencer has recently received an order for a large 
heliometer for the Dudley observatory, at Albany, at the 
contract price of $14,500. The object-glass of this instru- 
ment is to be of ten inches clear aperture. 

Mr. Spencer has recently visited the observatories and 
workshops of England, France, and Germany, preparatory 
to the opening of a large optical establishment at Albany, 
in connection with Professor A. K, Eaton and Mr. B, V, 
Baker. * 


POSTSCRIPT. 


The following notice was received too late for inser- 
tion in its proper place in Chapter IV., Section I. 

HAYERFOEn OBSBRTATOEY. 

This observatory is situated about nine miles west 
of Philadelphia. The building is of stone, and consists 
of a central part about 20 feet square, and of about the 
same height, with two wings, each 16 feet square, and is 
surmounted by a revolving dome 19 feet in diameter. 
The instruments are an equatorial telescope ; a meridian 
transit circle ; a prime vertical transit ; a sidereal clock ; 
and Bond’s magnetic register. The equatorial, by Henry 
Fitz, has an aperture of inches, and a focal length of 
11 feet. It is mounted in the Fraunhofer style, on a 
marble pedestal 8 feet high, which is supported by a 
stone pier 6 feet in diameter, passing through the floors 
of the building, and resting upon solid masonry 8 or 10 
feet below the surface of the ground. This telescope 
has an excellent spider- line, and also an annular mi- 
crorneter, with five eye-pieces, magnifying firom 60 to 
500 times. It is provided,, with a clock-movement, 
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whose attacliment is such as allows the tube to be 
turned while the clock is in operation. 

In the west wing is placed the meridian circle, which 
was made by W. J. Young, of Philadelphia. It hois an 
excellent telescope of 4 inches aperture, and 5 feet focus, 
with two circles 26 inches in diameter, one of which 
reads by four yerniers to two seconds of arc ; the other 
is used simply as a finder. . The instrument is supj)orted 
by marble piers, five feet high, firmly based on masonry. 

In the eastern wing is a sidereal clock by Harpur, 
of Philadelphia ; and in the same room is the magnetic 
register. Upon an inward projection of the eastern 
wall of the center building, is mounted a prime vertical 
transit instrument 20 inches in length, made by Dollond. 
This is included in the dome containing the equatorial. 
The cost of the building was $2,600, and that of the 
instruments contained in it about $4,500. This ob- 
servatory is in charge of Professor Joseph G. Harlan. 
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nomy of the Sea and its Adaptations its Salfo w Tlie Eco- 

Mtants. and whatever theitSy beTf general 

Industrial Pursuits. By M. Mauky f** U^ses or 

mvy. An entirely new and ento?d ’ States 

Diagnnns. 8vo.. cloth, si eS ® ® lUnstrative Charts and 

me«Ijio^hav©‘’fimSTad^nS^iSg\j'd the works of tho great 

? 5 ?^iiTSS^f^SSii™i«W-srS: 


•« ^avanoemont of Learning,’ and the ‘ Natm-tl 

rosewh, and sTplain, Manly, S e?SJi?itYexVSn'^^““^ “* ®T *"**^“‘° profound in 
proofs that Lieut.*kauiy is as^ (dons as SSIs ° ’ ‘ ‘ “'^ery page VS aro 

will make a sensation not like that or equal to thatmada Viv < passage ofii book which 

expanding Impmaion on the general iSid* andhGr?^?^r Torn s (kbin,Aut a du^ ’ “ 


durable and 
sred amongst 


\Tnn^T7Q r\\r ny^-K-vrn^ rJ' p««ieiactor8 of mankind.»-i:conomiaf. 

WAIKIIA ; or, Adventures ont ti-ie Mosouito Rttawt? t) 

Idri ctthX r" r “ “TcTo^h •; Ch?a? 

all the varieties of scene and situation. . . 

continuous flow of picturesque and animated nan-u?ivo,”^^^^^^^^^ to its 

^^dttoga^saMoa™isiKXtMtr2a^^^^^ Observation 

late Secretary ot Utah Territory. Sf ?d FER»rs, 

THE MOEMONS AT HOME : tvith somB’Triririnntc rr. , j. 

Missouri to California. By Mrs. B 0 Fbrris WiivJ^^'p 

U.S. for Utah. Post 8vo., si, cloth; * Secretary of the 

A JOURNEY TO THE SEABOARD SLAVE-STATES Tt 

Frbdkrxoic LawOlmstbd, Author of “Walks and T^iiroL'TT?'^^ ^Y 

1 vol. post 8VO., los. 6d,, clotli. ^ rmer in England.’^ 

tliink I nover^airwork^on the 8UbjecrA\SatS*^to*^?o cxtonalTOlv road at tho South. 

fr<m a Letter from Mn. Stoiee. ^ <»K«ilatocl to do more good wMi less frIction.»~S; 


'Exiraot 


over , 

statesman 


f ,’■’«"••■ » 

Events connected with Places visited. By IIobbm’ A 

Illustrations. Post 8 vo., cloth, 75 , 64 . ^ A. Wilson. With numerous 

’ °“> ’THE OOOOA AND THir Patxt 

*”»■»“> amB« 

By Francis L. Hawkb) 8,.D.D., LLI). 8vo!"t®6f do«r 

A HEALTH TRIP TO THE TROPICS Rv xr w irr 

Author of “ Penolll ingshy the Way.*» Post avo., cloth gilt, 1004^ * 

English and American Booksellers and Publishers 
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TRA-VEL and research. 


THK ISLE OF CUBA. By Baron Hokbordt : now first Trans- 

^ lid J. S. tL,vbh«. Footop Svo., cloto, tA 

THE ATTACH^! IN MADRID ; or, Sketches of thk Gooirr oi 

ISAKELI.A II. Translated from tbs German. Post 8vo., doth, ® ^ ^ . _ 

tiTi'Tn'PITES AND ADVENTURES IN MADEIRA, lOIt lUlTAL, 

™ ATO^USIAS OF' SPAIN. By the Author of “ Daniel Webster and 
Ms Contempoluries. Foolscap 8vo., Cloth, 8s. 6rf. n'fi’ WFT/P- 

United States steam frigate Mississippi, flagship of the e* p - 

Illustrations in tint. Post 8vo., cloth, 8s. 6ci. a tv /rwp TP A 1^1 

istahhattve of the expedition op an AMEMOAW 

^^SuADEON to the CHINA SEAS and ta 

Er‘f™t.^o5S’8io?TrSo“w?» 

INETA* JAPAN AND CHINA. By Bayard Taymb, Anthor 

^^i-rhelids^ofthe Saracen; or. Pictures of Palestine.” &c. 1 vol. post 8vo., tvUh 



TTW A-NT-n T.ANDSO APES PROM EGYPT TO THE NEGRO 

^"kingdoms of the WHITE NILEj^boini, 

“it^rtlKtetr; WF » f ^ 

with a Steel Portrait. 1 vol. 12 iao.. cloth. Is. 6d. ^^r,Tr v AXm 

THOTTTRES OF PALESTINE, ASIA MlNOlt, SICILY, AND 

^ imNUor. the Landrof the Saracen. By BiVAitD Taylob. With lllustraUons, 
Post 8vo., cloth, Is. Qd, 


Ho blends 
liko the strands 


Athemmm, 


tinS^^wUh 60 Illustrations, cloth, 2s. 6cl. Also ready, the Standard Edition, dolh 
extra, with 60 Illustrations, price 5s. Or in morocco extra, as a presentation 

ThJso^ie publisbetl for the Author, and are tho only complete and reliable editions ol'kT 

AT HOME AND ABBOAD. By Mabuaeet FtTLiusE Ossolt. A 

Posthumous Volume of Collected Papers and Essays, on Things and Thoughts In 
Europe and America. Crown 8vo., cloth, 7S. ed. 

.Sampson I 4 OW) SoH) & Co., 47, Ludgate Hill, 
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YUSEF, OR THE JOURNEY OF THE ERANCxI. A Crusade 

in the East. By J. Ross Bro'vv'ne, AntEor of '‘Etchings of a Whaling Cruise"’ 
With Illustrations, post 8vo., cloth, 10s. 6d. 

TRAVELS IN EUROPE AND THE EAST; being Sketches and 

Incidents, with graphic descriptions of Men, Places, and Things, as seen hy tlio 
Author in England, Scotland, Ireland, Wales, France, Belgium, Holland, Germany 
Austria, Italy, Greece, Turkey, Syria, Palestine, and Egypt. By Samuel laEitiEUS 
PuiME. With 40 Illustrations, 2 vols. post 8vo,, 16s. 

IMPRESSIONS OF. ENGLAND ; or, Sketcbes of Englisli Scenery 

and Society. By A. Cleveland Coxe, Rector of Grace Church, Baltimore. i2mo. 
cloth, 6s. 

AET, LITERATURE, AND WORKS OF REFERENCE. 

A ET-HINTS : AROHITBCTUEB, SCULPTURE and PAINT- 

James Jackson Jabtes, AuUior of “Parisian Siglits and Frenoli 
Principles,” &c. Post 8vo., cloth, 9s. 

“ There are few subjects connected -with art in relation to its history, to matter, and to mind, which 
Mr. Jurves does not touch upon, and with so tnucli freshness of thought, enthusiusm tempered with 
judgment, and sonaibility to the beautiful, as to render his remarks no less pleasant to road than they 
are instruotivo. . , , Hia remarks evince sound discrimination and good taste. It is when wo have 
such a hook as this under our notice that wo find most ocaision to regret our inability, from want of 
spuc(!, to quote from h.^^-^Art-Vnum. 

“ Fervent and usoful—clevcr and w'oll written.”— .4 t/tcf/aiiim. 

_ “ This is tile only way in which it is w'orth while to write about art ; and Mr. Jarves, founding on 
high principles, and honest and acute in applying tliom, will bo found, without at all rivalling such a 
f '>®hin m depth or originality, well worth the heaving.”— Spue/ator. 

“ We nave seldom jndeed read a book which excited more respect for the author and sy mpathy for 
iJis opinions : Ins cntuusin is in general at once retined and elevated in syjirit, unimatod by a thorough 
ot what Uo is describing, and for the most part singularly just and sound,”— 

“ Every artist should get this book, which is a rich mine of those things which pertain to thohiuhor 

flights oi his profession.”— Io«donZ.i7<)rttryJo«r»iffil. 

THE B.RITISH CATALOGUE. Compreli ending tlie I’itle of 

every work published in the United Kingdom since November 1837, with the size, 
price, edition, publisher, and date of publication. This, with the supplements of 
books published during the course of its compilation, brought down to the end of 
1861, forms the first volume, of which a few copies remain at the price of 36s. hound 
in Imlf-morocco. 

The Second or Index Volume is now nearly ready, arranged with especial regard 
to every-day use, to the end of 1865, with a complete list of tlie various Collections 
“ Libraries,” “ Series," &c, A list of the Printing and Ihihlishing Clubs, with their 
issues, and much other useful information. 

‘bo first attempt at a complete cataloguo of modern literature, giving tho dates of each 
publication, ” ” 

THE ElUHTBENTH YEAR OF THE ANNUAL OATA- 

LOGCTE OP BOOKS PUBLISHED IN GREAT BRITAIN, DURING 1855, giving 
Uie bisse. Price, Mition, Publisher's Name, and Month of I’ublloation of every Book 
of the Year, with a comprehensive Index to tho titles, arranged to facilitate refer- 
ence on a new principlo. 8vo., sewed, 3s. ^d. 

THE PUBLISHERS’ CIRCULAR AND GENERAL RECORD 

OF BEITISH AND FOREIGN LITERATURE containing a complete Alpha- 
betical List of all Now Books published in Great Britain, and every work of interest 
published abroad. 

Published on tho 1st add 15th of cveiy month, and forwarded to any part of the 
world upon a prepayment of 8.s. per annum, through any Bookseller. 

THE AMERICAN CATALOGUE, or Englisli Guido to American 

Literature, giving the Ml title of Books published in the United States since the 
year 1800, not being lepnnts of English Books, with the date and place of publica- 
tion. Oompiled wilh (‘special reference to works of intorc'Bt to Great Britain, with 
the prices at which lluy may lie obtained in London. With comprehensive index 

8V0. , 

English and American Booksellers and Puhlishers. 
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LITERATUIiE, AND WOIUCS OF REFERENCE. 


A r'A'KrnTQT? ‘^tTTlvnvr ART OIF THUl LAW OF ENGLISH OOT Y*" 

A OONGISL and the Law of International 

RIO'HT, AND THE OE iniENCH com 

Copyright between England and Fran^, in L ^ Orders in Council, and 

Fine Arts, Analysed and Explained , with the C^^^ BunicK, Ebci., of the Inner 

cloth. ’ rrhe only Author’s Edition.) 

THE POETS AND POETBY OF EUBOPE. By Henry W. 

^ taG^FBLLOw/A^^^^ &c. Entirely new edition. 8vo., cloth 2U, 

QFT Ff^T BBTTTSPI ELOQUENCE : embracing the best bpeeoues 

Splamtory.^ By^OHATJNOEY^. Goowiicii. D.B.. Rhetoric m Yale 

cXge. New Haven. IT.S. Royal Svo.. 18s. Cali extra, 23s. 

TT-TF ART OF ELOCUTION.— Logical and Musical Declamation . 

of the Theatres Royal Covent Garden and Haymaxket. 12mo. cloth, o . 

'< Qovorly Btatod and nTsundautly exemplified.”-— .4 t?iflna)im. 

ton tooon.- 

mon nltv of suontiuing8.’’--G«ar<iian. /-sz-NUT-nr TT'rmJ' TI'T'CT 

A MATHEMATICAL niCTIONAET AND OOMPLErL LN- 
CYOLOPiEDIA OF THE SCIENCE. By Chakles Davipa, LL.T>.. and WiMiAM 

A™5^ TOlmblo taik!^nnd «talmbly’illu.ttntod a. wU a« plninly mid nently printBd."-B»flWi 

-FTTE ”c£uITIBS op LONDON ; their Rise, Peogbess, and 

^ jreseot Posmosi with some Account of Oie Educational 5>* f ?, 11 

Sus BysAnsoNLow. Jun. Dedicated hy special pcimission to H. B. 11. 
Prince Albert. Fcap. 8vo., clotb, 10s. 6cl. t-, * • e 

the charities of LONDON IN 1852-3 : tang a Report ,ot 

“lib SS ’^S'and^A^'iid aiT pri«. ' I. » an oxlromoly u.er„l 

1. It, and far tho.e in dlaWm who aro Ignaiant at to banoBl. 
to »cc».ful manna, in wWoh W. tok ha. baon accom- 

plished ; the Tlei^tis a valuafclo one.” — 

AMERICAN literature. 

• * Lists of American Importations published Monthly and forwarded regularly where requested. 

» Lists oi American promptly procured to Order. 

rrHB NORTH AMERICAN QUARTERLY REVIEW.-- Thia 
I ■“pirifvTif^i baa now been nublished without intermission for forty years. It is by 
^ fS ^ ddSt American periodical devoted to general Literature and Science, and 
to ™uMou hiTbS^f^teldilr maiutAiued, hoth in Ar^rioa and in Kmope ^ tho 
ieadlKurualof the United States vHthln its appropriate depmtment.Ihi« 6a. 
SSh™i or Suhscrlption. paid In advanee, either direct or through any Book- 

Ser, 21 s%er annum, -which secures its being regularly forwarded, 

Bampsoii low, Son, & Co,, 47, Ludgate Hill, 



AMERICAN LITERATURE. 


PUTKAM’S MONTPILY.— This Magazine is devoted to the Con- 

iril)nti()ns of American Authors, and is puhlislied sinmltaneously in London and 
New York. The Writers comprehend some of the first Authors of America ; and 
the high stand it has taken as an original work, with the excellence of its articles, 
has gained lor it a foremost position amongst the best periodicals of either country. 
i*resent Monthly Circulation, 25,000 Copies. Price 26'. per Number; or forwarded 
regularly per post, pre-paid, to any part of the kingdom, for a Subscription of 25s. 
per annum, paid in advance. 

THE AMERICAN OATALOG-UE ; or, English Guide to American 

Literature, giving the full titles of Books published in the United States since tlio 
year 1800, not being reprints of English Works, with the date and place of publica- 
tion. Compiled with especial reference to Works of interest to Great Britain, with 
the price at which they may he obtained in London. With comprehensive Index. 
8vo. 

CYCLOPAEDIA OP AMERICAN LITERATURE; embracing 

Personal and Critical Notices of Authors, and Selections from their Writings, from 
the Earliest Period to the Present Bay. By Evext A. and Geo. L. Duyckinok. 
2 vols. imp. 8vo., with Portraits, Autogi’aphs, and other Illustrations. Cloth, 11. 16s. 

THE PROSE WRITERS, AND THE POETS AND POETRY 

OP AMERICA. With Historical Introduction. Critical and Biographical Notes 
hy Rupus WiLMOT Griswold. With Portraits. New Edition. 2 vols. royal 8vo., 
cloth, each 16s. 


ILLUSTRATED PRESENTATION BOOKS. 

TN HONOREM : SONGS OP THE BRAVE. Comprising Odes 

X and Ballads by Campbell, Byron, Tennyson, Wolfe, Collins, Mackay, and 
Burns. Choicely illustrated from Drawings by Buncan, Foster, Thomas, and 
Macqiioid. Uniform with Cundall’s Editions of “ Gray’s Elegy,’' and other Poems. 
Crown avo., cloth, bevelled gilt edges, U. 6d . ; morocco, 12^. 

THE BOOK OP CELEBRATED POEMS. Containing Porty- 

one of the most popular Poems in the English Language, unabridged. 'Illustrated 
by upwards of Eighty Engravings, IVom Drawings by C. W. Cope, Kenny Meadows, 
G. Dodgson, and J. Ferguson. Demy 8vo., cloth elegant, price l6s. ; morocco 
exh’a, 2ls. 

“ This singularly beautiful volumes, as splendid in appearance as valuable in contents.”— rOft-wuer. 
“ AiTangcd on a plan which wo highly commond— gracefully illustrated— well-bound— and the 
result is an unexceptionable volunrio for the season.” — Examiner. 

“This book, an ornament to any drawing-room, both from its illustration and binding, is some- 
thing more,— a treasury of delightful and most instructive reading,” — Standard. 


A SERIES OF CIIOIOE EDITIONS OF CHOICE BOOKS, 

Illustrated by the first Artists. Printed on thick tinted paper manufactured for the purpose, elegantly 
bound in cloth extra, bevelled and gilt edges. Superintended by Mr. JOSEPH CTJNDALL. 


THE PLEASURES OP HOPE. By Thomas Campbell. With 

twenty-five cheico Illustrations by Birket Foster, George Thomas, and ITai'rison 
Weir, in the first style of art. Crown 8vo., cloth extra, bevelled, 7s. 6eL ; morocco, l2s. 

“ A very beautiful edition of a very beatttiful poem s Just the kind of poem which justifies and is 
improved by this sumptuous and elaborate mode of publication.”— jErorarwnfat. 

“ Messrs. Poster, Thomas, and Weir have not thrown away their skill and labour on ah ungrateful 
subject, and out of their hands the iioet himself comes away enriched with fresh meanings.” — 
Atlmia'um.. 


” One of the most beautiful volumes that has been produced,”— Xfierary Qasette. 


THE EVE OE ST. AGNES. By John Keats. Illustrated with 

Twenty Engravings from Drawings by Edward H. Wehnert. Handsomely bound 
in cloth, 7s. Cot. ; morocco, 126. ; extra, 18s. 


English and American Booksellers and BnUlishers. 




U.LTJSTR,ATED PEESENTATION BOOKS. 

m^DESBBTED VILLAGE. 0™ 

trated with Thirtyive ^ E A.. R. Engrave, 

ftom the Oriinnal ^^“8“ '>f °-,Z' 1 .^\r T./ c. StoM^ !'■ Taylor, and 
Vj’ rSVmh^ra^V ^Sjf ’’Crowa 8.O.. cloth e.tra, la. 0.. , 

A^r™Y'’lN“A COUNTEY GHUEOHYAED. By Thomas 

ever^page hyBirh^^^^ 

Crown 8V0., clotli extra, 7s. 6<X.; morocco, 12s. , extra, I8s. 

nrcri? VTOAP GE WAEEFIELD. By Oliveb Goldsmith. 

ThT'^AEThS^ “UNCLE TO^S 

, ° ” rtro3'“jw i 


new juvenile books. 

ABKASaED IS LIST AS SniTABlE FOE FODIHS-TOiraGEE OHIIUKES-AKD FOE 
AEUaiiua. youngest. 

ttINTS foe the EAENEST STUDENT: oe, Ykae Book foe 

H the Yodsg By Mrs. Wm. Fisoh. Author ot “ Bettors from the ConUnent, &<-. 
Fcap., clotb; 6s. 

HOUSEHOLD CHEMISTRY: ob, LxJWMEOTB of Spence 
BvBr. Aubbrt J. Bern ays, F.C.S, Inira E(U- 
tlorSatly Slarged, with numerous mustrations. Fcap. 8vo.. cloth, is. erf. 

THW ’whaleman’s ADVENTURES: or, Sobnhs ra the 

iHE „>ffAf,T,iAN Edited bvBr ScoitESBY. ■With Six graphic Illustrations drawn 
“od brvtoteuy New aM^eapor edition, Slot'h, 3,. 6rf., foming an 
admirable Boy’s Book.” t 

rpuw TTF-ROF.S OP HISTOEY.— OLIVER CROMWELL. Edited 

™^y t?™^ L Haw^. Di).. LB,D. i3mo., cloth OEtra, with lilustra- 

tions, 68. »!' 

THE LIFE OP CHEISTOPHBE COLUMBUS. By Hoeaob 

■RAflGnp St John. Fcap. 8vo., cloth, 28. 6d. 

« When wo say we know of no short history of <>tumbu8 likely to prove so UsoM as this, wc wish 

toc25eya^hisKenseofoure8tiniatcofit8merita.»-^i^^^ 

A CHILD’S HISTORY OF THE UNITED STATES OF 

^ AMERICA, on the Plan of Charles Dickens’s “Child’s History of England. 
By John Bonner. 2 vols. fcap. 8vo., cloth, 78. 

■THE SWISS’ FAMILY ROBINSON. An entire N’ew Edition, 

two volumes in one. containing the Second and Concluding portion oi the Adven- 
tures of the Family. Carefully edited. Illustrated, fcap., cloth, 38, 6«I. 

Sampson Xow, Son, & Co., 4Y, Ludgate Hill, 
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CxEOGRAPHY FOR MY CHILDREN. By Mrs. H. B. Stowe, 

Author of “ Uncle Tom’s Cabin/’ &c. English Edition, Arranged and Edited by 
an English Lady, under direction of the Author. With upwards of E’ifty Illustra- 
tions. Square, cloth extra, 4s. 6d. 

y* Wc hail its appoarimco with pleasure ; it is an excellent little book for Christian school-rooms 
Ailimamm. 

“ It is written in an easy colloquial stylo, and with an energetic, lively good sense, worthy of the 
authon'ss ol Uncle Xom s Cabin ;* It Is a useihl school book, and in the hands of a good teacher 
would ho very eilectivo on the 8cholarB.”--fifo6c. 

“ Mra. Bceenor Stowe, in her Geography for Children, has displayed her usual skill, and achieved a 
more than ordinary amount of success.”— jBrtfannfa. 

“ Dear Children,— I have taught a little flock of children of my own, and this has led me to think a 
groat deal about young folks like you; and when I have seen how much pleasure can be made for 
children by my way of teaching Geography, I have wished you too could share it,— and so I have 
made this little book for you.‘*'--Exiractfrom Aut?u)r*ji Introduction. 

thf: great wonders of the world, from the 

PYEAMIDS TO THE CEYSTAL PALAOE. With Fifty Illustrations. Square, 
cloth, 3s. ^ 1 » 


By Jacob Abbott. An 


HOARY HEAD AND M^DONNER. 

entirely New Edition, illustrated, l2mo., 6s. 

RICHARD DOYLE’S ILLUSTRATED JUVENILE CALBN- 

UAE. With Descriptions by Mrs. T. K. Hervey. New Edition. Square, cloth, 
gilt edges, 3s. 6d!. 

THE LITTLE PILGRIM ; A Day’s Adventuees of a Child, 

With 12 Beautiful Illustrations on Stone, hy Alfred Crowquill. 4to., boards, 
25. 6d ; or coloured, with extra binding, 45. 6ci. 

MARY HOWITT’S PICTURES FOR THE YOUNG. Consist- 

ing of Twenty-one original and boldly-executed Engravings on Wood, by Morin, 
designed to aid the Young either in Oopying or Colouring, as well as to form an 
interesting and choice Presentation Book. The letter-press by Mary PIowxxt. 
Deray 4to., fancy boards, 45. 6d!. ; or coloured, 65. 

“The favourite with our own little people.”— ..rffliewcoiwi. 

HARRY’S PICTURE COLOUR BOOK. Illustrated with Sixteea 

large Coloured Engravings, Sixteen Plain Copies for Colouring, and numerous small 
Pictures. Cloth boards, 2s. Qd.; or in two parts, each 15. 

THE LITTLE LYOHETTS. By the Author of “ The Ogilvies » 

“Olive,” &c. With Twenty Illustrations by Henry Warren. Sauare. oloHi 

25. 6d. I > , 

Also ready, uniform, with several Illustrations, 


THE DONKEY’S SHADOW, 25. U. 
BBOKEN PITCHER, 25. Gd. 
ZOOLOGICAL GARDENS, 25. Gd. 
HISTORICAL TALES, 2s. Gd. 


AMUSING, tales; 2s. Gd. 
EICHMOND’S TOUR, 25. Gd. 
POPULAR lectures, By J. H. 
Pei'I^er, 15. 6ti5. 


HAPPY DAYS OP CHILDHOOD. By Amy Meadows. Illus- 
trated with Twonty;four fuU-page Pictures by Harrison Weir, and a Frontispiece 
by Birket Foster. Fcap. 4to., cloth, coloured, 55. 

LITTLE ARTHUR ; or, The Chidd op the Ohuboh of EiiaLAND. 

By CHAELiiS B. Tavmb, M.A., Rector of Otley, Suffolk. Author of “ The Records 
ot a Good Man’s Life.” Illustrated by George Measom. Cloth, 3s. 

THE lOE KING. A Tale for Children, showing the Influence 

of Good and Bad Temper. With Eight Illustrations. Second Edition. Sauare 
cloth, plain, 35. Gd. ; coloured, 55. h » 

EARLY WALKS IN THE FIELDS OE KNOWLEDGE ; com- 
prising the Child’s Own Indestructible Alphabet, Primer, Spelling md Reading- 
Books. Printed on tbe best cloth, complete in l vol., with 150 illustrations by 
Harrison Weir, Absolon, and other Artists. Clotli extra, 45, Cfi 

English and American Booksellers and Bnhlishers. 
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SELECT WOEKS OF FICTION. 


THE TEEASXJRY OP PLEASUEl BOOKS: for Totos 

A New EditiOB, Illustrated with upwards of One Hundred and Seventy LngravingM 
rFortv of which are quite new), hy John. Ahsolon, Edward Webneut, Kenny Moa.- 
dows and Harrison Weir. Handsomely hound in cloth, hovelled hoards, gilt, edges, 
■price is. 6d. ; or with Coloured Pictures, 15fi. 

KTKO AETHER’S ALPHABET. Illustated witi Twenty-six 

Fnaravines by John Ahsolon, printed in Ornamental Borders. In a haiulHOino 
cover designed by Mac(iuoid, is. ; or with Coloured Pictures, 25. 

MIRATOA : OR, Tee Three Steps, and which is Best. Fancy 

Cover, ■ I{eep thy heart with all diligence, for out of it aio tlie issues oi Lite.’* 

LITTLE SUZIE’S SIX BIRTHDAYS. By lier Aunt Susan. 

Author of “Flower of the Family.” With Four Coloured Illustrations. Cloth, 

35. ed. 


Indestructible Books for Children. 


Printed upon the best prepared cloth, 
One Shilling each. 

The Child’s Own Alphabet. 

The Child’ s Own I^rinier. 

The Child’s Own Spelling Book. 

The Child’s Own Reading Book. 

The same in One Volume, as “ Early 
Walka in the Fields of Knowledge;” 
square, cloth, 4s. 6dl. 

Indestroctible LARau Print 
Books, each. 

ABC Book. I Easy Spelling. 

Easy Words. I Easy Reading. 

The same in One Volume, as “ Picture 
Lessons ; ” cloth, 2s. 6d. 


lNDESTlUJClTBl.iE PLEASURE BOOICS. 

Printed in Colours, upon tlio liest prepared 
cloth, One Shilling each. 

Little Bo-Pcop . . . with 1 Picturca. 

Mother Goose ... „ 1 „ 

I'louse that Jack Built . „ 11 „ 

Wedding of Cock Robin „ 1 ,, 

Death of Cock Eohin . „ 12 ,, 

Old Mother Hubbard . „ 14 „ 

Cat and tlic Mouse . . „ 1 ,, 

Life and Death of Jenny 

Wren 8 „ 

Old Woman and her Pig * „ 7 „ 

Little Man and Little 
Maid ,7 „ 


SELECT WORKS OF FICTION. 

rriHE HILLS OF THE SHATEMUO : a Tale. By tlie Autlior of 

X “ The Wide.Wide World” and “Queechey,” Wiib IlluBtrations, Cheap Edition, 
fancy hc«ird8, 2s. 6cZ, Superior Edition, cloth, 65. [iS'/wrUt/. 

THE ELDDEN PATH: a Talo. By tho Author of “Alone,” 

wlfli Desigas by Alfred Cfowquill. Foap. as. 

AFEACA ; or, Life and Love in Norway : a Norwegian and 

Lapland Tale. Translated from the German of Timono he Muggb, " Post 8vo., 
cloth, 105, 6d. 

OUR WORLD ; or, the Democrat’s Rule. Tlie Great American 

Anti-Slavery Novel, appealing to the judgment and sympathies of mankind. 2 vola, 
post 8vo„ 16s. 

A book of the right stamp—fearloss, graphic, tine telling, powerful — more comph'to luul («;iir<'i’ly 
less TigoToxis and picturesque than ‘ Uncle .Tona’s Cabin.’ Inalrucicw. 

“ We have no hesitation in pi’onouncing it one of tlw most remurkuhlo and power ful original worka 
ever published in America. It is issued simultaneously in London, Paris, New York, iumI Auburn 
a fact which, hy itself, indicates that it is no ordinary produotion,”— P/f iVfirfrfyj/iia DaHy Ntnrs, 

“The hook 18 well written. Scenery ia sketched na with a painter’s luintl, und 'ebunu-tor well 
developed.— ‘ OoK Womb’ is worthy of commendation, and wo shall hu diHaTjpointed if tho wrltor 
does not produce something which the M’orld will not willingly let die.”— ZVeid Ytifk Tlmen, 
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^ Christian Retrospect. With 6 Ulus- 

^ • y tlie Rev. 0. B. Tatlek. Fcap., cloth, 6s. ; morocco extra, 8s, 6d!. 

Social and Eeligious Customs in 

^ i KA^ac. Jiy .Legenie de Couecillon. l2ino., cloth extra, 7s. Gd. 

account of thif aociarjmf {“** Church. wesentinR an 

and their prrfata. Tht^AuthDr^nlsif^fW^w^ Normandy peasants, and the relations existing between them 
the Pixmcli EcolesiaatSul SeniinS. ^ Interesting manner tho routine W customs of 

WITTENBERG: a Life Picture of the Days 

01 Liutner. Translated from the German hy JT. G. Morris. Post Svo., 65. 6d, 

^ Eecord of Married Life. “Can two 

Licumbett^ agreed By the Rev. Charles D. Bell. M.A., 

FcaJ-f. avo'I clSth.ir^ ’ Earnest." « The Miner’s 

^ Life of Struggle and a 
L mhOESoNG. By the Author of “Tho Closing Scene.” Fcap. svo., 3 ®. GcZ. 


FAMILY READING SERIES OF TALES AND SKETCHES, 

BOOKS FOR HOME READING, DISTRICT AND PAROCHIAL LIBRARIES, 
PRESENTATION, AND PRIZES. 

nanCivV^ md place such works in this Serira ns shall, hy tlvoir peculiar interest of 

mU So iJo^ £ lonSnVr 1 ^ yet pervading piety, commend themselves for family reading, and form 

tile cause of truth. - ^ 


i .y--- •’bcolfa that whilst affording pleasure 
unng the mind, or biassing the judgment from 


16 uniform in cloth extra, Imt eaeft distinct and sold separately. 

Bound in morocco as Gift BooJes, 38. 6d, per volume additional. 


THE BECORDS ofa GOOD MAN'S 

LIFE. Edited by his Neighbour. By 
Charles B. Tayler, M.A., Rector of 
Otley, Suffolk. Tenth Edition, 3s. Gd. 

THANKFULNESS : a Narrative : or 
Passages in the Life of the Rev. Allen 
Temple. By the same Author. Third 
Edition, 2®. 6c?, 

TRUTH ; or Persis Clareton. By the 
same Author. Third Edition. 2®. 6d. 

THE SHADY SIDE ; or Life in a 
Country Parsonage. With Steel Portrait. 
Third .Iddition. 3®. 6d!. 

THE GOLDEN SUNSET. By the 

Autlior of ” Ashton Cottage." 2s. 6tl. 

RECORDS OF ALDERBROOK. By 
Fanny Forrester, late of the Burmah 
Mission. 3®. 6 c?. 

LEGENDS AND RECORDS, chiefly 
Historical. By Charles B. Tatlee, 
M.A. Sixth Edition. 3®. Gd, 

THE OLD MINOR CANON. A 
Life of Struggle and a Life of Song. By 
tho Rev. E'RSkine .Neale. 3s. 6c?. 


FACTS in the LIFE of a CLERGY- 
MAN. By Charles B. Tayler, M.A. 
3®. 6d. 

Lit E AIjLEGORIES and Similitudes. 
Including the “ Hill Difficulty,” an Alle- 
gory. By the Author of « Wanderings 
of a Pilgrim.” 2s. Gd. 

SUNNY MEMORIES OF FOREIGN 
LANDS. By Mrs. H. B. Stowe. With 
60 Illustrations. 2 ®. 6ci!. 

IDA MAY ; a Story of Things Actual 
and Possible. By Mary Langdon. Illus- 
trated by Alfred Crowquill. 2®. ed. 
TALES OF NEW ENGLAND LIFE. 
By Mrs. Stowe. With Portrait. Cloth, 
2®. 6c?. ’ 

Maeion Habland. 

Via FrontlspIoM by Alfted Crowquill. 
Cloth gilt, 2®. 6c?, * 

THE HIDDEN PATH. By the same 
Author. 2s. ed. 

NELLIE OF TRURO. With Frontis- 
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LAW ANL MEDICAL WORKS. 


CHEAP SERIES OF POPULAR BOOKS NOW PUBLISHING. 


To consist of Tales of interest and character, and of Narratives of Travel and 
Adventure,— especially such as may te given to the Young. 


The following are now Ready; — 


ALDERBROOK, by Emily Judson, Is. 
ALONE, by Marion Harland, 2s. 

HIDDEN PATH (The), by the same, 2s. 
IDA MAY, by Mary Laiigdon, 2s. 

MY BROTHER, by Mrs. Ellis, 2s. 6d. 
NELLIE OF TRURO, boards, 2s. 

NUN (The), by Mrs. Sherwood, 2s. 
SHADY SIDE (The), by Mrs. Hubbell,ls. 


SUNNY MEMORIES, by Mrs. Stowe, 2s. 
TALES and SKETCHES, by the Same, Is. 
TRUTH, by Charles B. Tayler, M.A., 

IS. 6d. 

WAIKNA, or Adventures on the Mos- 
quito Shore, by E. G. Squier, is. 
WOLPERT’S ROOST, by Washington 
Irving, is. 


Also, in preparation, a NEW TALE, by Miss Warner, author of the “ Wide, Wide World,” 
hj arrangement with the Author. 


LAW AND MEDICINE. 

/THE ELEMENTS OF INTERNATIONAL LAW. By Henry 

X Wheaton. An entire New Edition. Edited by the Hon. W. B. Lawrencis. Imp. 
8vo., cloth, 31S. 6dl, 


A CONCISE SUMMAEY OP THE LAW OF INTEBNA- 
TIONAL COPYRIGHT— French Copyright, and International Copyright between 
France and England. By Peter Burke. Vide page 6. 

HISTORY OF MEDICINE, from its Origin to the Nineteenth 

Century. With au Appendix, containing a Philosophical and Historical Review of 
Medicine to the present time. By Dr. P. V. Renouard. Translated from tlie 
French by Cornelius G. Comegys, M.D. 8vo., cloth, 18s. 


DIGTIONABY OF MEDICAL SCIENCE : containing a concise 

Explanation of the various Subjects and Terms of Physiology, Pathology, Hygibne, 
Therapeutics, Pharmacology, Obstetrics, Medical Jurispradence, &c. With the 
French and other Synonymes ; Notices of Climate and of celebrated Mineral 
Waters ; Formulaj for various Ofidcinal, Empirical, and Dietetic ITeparations, &c. 
By Robley Dunglison, M.D. One thick volume, 900 pages, double column. 12th 
Edition. IMce 16s. 

« It has the rare merit of having no rival in the English language for accuracy and extent of refer- 
ences.”— Xondon Medical Qasette. 


A TREATISE ON THE PRACTICE OP MEDICINE. By 

Dr. Georob B. Wood. 4:th Edition. 2 vola. 8vo., cloth extra, 3es. (Uniform 
with Dunglison’ s Medical Dictionary.) 

LETTERS TO A YOUNG PHYSICIAN, just entering upon 

Practice. By James Jackson, M.D. Post 8vo. cloth, 6s. 

ORGANIC AND PHYSIOLOGICAL CHEMISTRY, Principles 

of. By Dr. Caul LBwig. Translated by DANim. Brebd, M.D. 8vo. doth, 1 6«. 

BNOYOLOP.®DIA OP CHEMISTRY, Practical and Theoretical : 

embr^mg Its application to the Arts, Metallurgy, Mineralogy, GeolOKT, Medicinp 
and Ptoacy. By Jakes C Botth, A.M., LaJ-S., MSler and SflSSe 
u,s. Mint ; Ih'ofessor of Applied Chemistry m the Franklin Institute. A ssisted Iw 
Gampbiux Morpit, Author of “Applied Chemistry,” and “Chemical Manipula- 
tions. 8vo., cloth. 21s. , * 
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WORKS IN PRACTIOAL SCIENCE. 


TJOUSEIIOLD CHLMISTRY ; or, Rudiments of the Science 

AX applied to Eveiy-day Life. By Dr. Albert J. Bernays, F.C.S. Third Edition 
greatly enlarged, with numerous Illustrations. Foolscap 8vo., cloth, 4s. 6d. 

ThlTw. aad sinjplo ; it deals with facts and the practical application of principles. 

lu-HiiW to domestic life aa vehicles for imparting Information reapoctini? 
them has always an interest, especially for the young.”— Sjotfctator. 

„ lias produced a hook of obvious utility, occupying interesting ground, and satisfyinc; 

““ interesting book, full of scientific facts artistically and amusingly 

SmiioSded te 111 

THE PRACTICE OP PHOTOaRAPHT: a Manual for Students 

and Amateurs, By Philip H. Delamotte, F.S.A. With a Photographic Frontis- 
piece. 3rd Edition, 4s. Gd. ; per post, 4s. 8d. 

riLE GALOTYPE PROCESS : a Handbook to Pliotograpliy on 

Paper. By Thomas Sutton, B.A. 2nd Edition, carefully revised, with new 
Chapters on Positive Printing. 2s. 6d. post free. 

THE PHOTOGRAPHIC PRIMER : for the Use of Beginners in 

the Collodion Process. By Joseph Cundall. 2nd Edition, is. post frSj. 

OH THE VARIOUS METHODS OP PRINTING PHOTO- 
GRAPHIC PICTURES. With a few Hints on their Preservation. Tested bv 
Practical E.xperience. By Robert Howlett. is.; by post, is. 2d. 

THE SCIENCE QE MEOHANISM ; being a Copious Description 

and Annotated Catalogue of the various Divisions of Articles exhibited in the New 
Yoric Exhibition, 1863-64 ; including a large amount of original and valuable 
Information relating to— 

Painting. 

Silverwtiro. 

Porcelain and Glass, 

Oraamontal Furniture. 

With several Illustrations on Wood. Edited by C. R. Goodrich, Esa.; assisted 
by some of the ablest Literary and Scientific Men of the United States, i vol 4to 
cloth, 25s. 

WORLD OF SCIENCE, ART, AND INDUSTRY, illustrated 

from Examples in the New York Exhibition, 1853-64. Edited by Professor B 
SiLLiMAN and C. R. Goodrich, aided by several Scientific and Literary Men With 
Five Hundred Illustrations. Imperial 4to,, cloth, 25s. •Hall-morocco, 30s. * 

SYSTEM OP MINERALOGY, comprising the most recent Disco- 
veries including full Descriptions of Species, and their Localities, Chemical 
Analysis, &c. By James D. Dana, A.M. New Edition, thoroughly revised 
Illustrated by numerous engravings. 8vo., cloth. 2 vols. 24s. 

OUTLINE OP THE GEOLOGY OP THE GLOBE : with Two 

Geological Maps, and Sketches of Characteristic Fossils. By Edward HiToirrocK 
D.D., Author of the “ Religion of Geology.*' One vol. 8vo., cloth, Is. 6d. ’ 

THE BOOK OP THE PARM. Farm Implements and the Prin- 
ciples of their Construction and Use ; an Elementaiy and Familiar Treatise on 
Mechanics, and on Natural Philosophy generally, as applied to the ordinary Practices 
of Agriculture. By John J. Thomas. With 200 Illustrations. i2mo., cloth, 6s. 6d. 

« We should like to see this work printed, bound, and hung up in every workshop, tool-room, and 
farmer’s book-shelf m tlie county. It gives the reason and explains the action of medianicid -amvorL 
and the .forces of nature generally, with illustrations so directly dmwn from the farmer’s dnilv roiS* 
that It gives a direct meaning and value to every point, rarely found in text-hooks.”— J3oio7*mj’sih«'a| 


Mines and Minerals. 

Raw Materials. 
Substances used as Food. 
Manufactures of Wool. 


Manufactures of Cotton. 

,, Silk. 

Machinery and Inventions. 
Sculpture and Bronzes. 
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EDUCATIONAI.. 


THE PRACTICAL- SURYEYOR’S GUIDE: containing the neces^ 

sary information to make any person of common capacity a flnisiied Land Surveyor, 
without the aid of a Teacher. By Andkew Dunoan, Laud Surveyor and Civil 
Engineer. Fcp. cloth, 4s. 6dl. 

THE COTTON MANUEACTURBES, MANAGERS, AND 

SPINITEBS* NEW POCKET GFIDE : containing Examples of the various Calcu- 
lations connected with the Machinery of a Cotton Mill, through all its various 
operations from the Kaw Material to the Loom ; together with Rules wherehy to 
line! the Speed of any Shaft, Drum, Spindle, or Roller connected with Machinery. 
By John Moss. Third Edition. Reap, cloth, 2s. 6(2. 


EDUCATIONAL. 

D r. ANDREWS’ LATIN-ENGLISH LEXICON. New and 

corrected IMition, complete, 1 vol. royal 8vo., pp. 16V 0, cloth extra, red edges, 'i8s. 
\* The superiority of this justly-famed Lexicon is retained over all others by the 
fulness pf its quotations,— -the including in the vocahulary propen* names, -—tlui 
distinguishing whether the derivative is classical or otherwise,— the exactness of 
the references to the original authors,— and in the price. 

“ Every page beaire the impress of industry and care.”— 

“Wo have no hesitation in saying it is the host Dictionary of the Latin lanffuago that has appeared.” 
—Literary Gazette. ^ non 

“ The host Latin Dictionary, whether for the scholar or advanced student.”— ■■Swctailor’. 

“ We never saw such a hook published at such a price,”— JEteaTOfriot*. 

ENGLISH GRAMMAR IN ITS ELEMENTS AND FORMS, 

with a History of its Origin and Development. By W. C. Fowler. New Editioiu 
much enlarged. 8vo., cloth, I2s. 

THE ART OF ELOCUTION.- — Logical and Musical Declamation : 

to which is added, a System of Gesture; with an Appendix of elegant Extracts in 
Ihrose and Verse, fomiing a valuable Manual for Persons learning the Art of Public 
Speaking, and a choice “ Speaker’^ for the use of Schools. By Geougb Vandkkhoff, 
of die Theatres Royal Co vent Garden and Haymarket. l2mo„ cloth, 5s. 

“ Cleverly stated and abundantly exemplified.”— 

•* Clearly written,” — Examiner. 

"Clever, simple, and intelligible, and the extracts are udmirahUs,— fur better sdocted than the 
common run of such things.” — Guardian. 

HOUSEHOLD CHEMISTRY; or, the Rudiments of Science 

APFLiED TO Eveiiy-day Life. Vide page 13. 

GIOGRARHY FOR MY CHILDREN. By Harriet Beecher 

StowBi Author of “ Uncle Tom’s Cahin.” Vide page 6. 

FIRST BOOK IN COMPOSITION, for the use of Schools, on an 

entirely new plan; By F- Brookfield. Square, cloth, 2s, 6(2. 

" Fulfils all its pretensions ; It is the best guide to composition we ever saw. The subjects are ad- 
mirable, and judiciously progressive.”- Eng. Jour, of Educ. 

LETTERS TO THE PEOPLE ON HEALTH AND HAPPINESS. 

By Catheeinb E. Bkechee, sister of Mrs. Beecher Stowe. l2mo., cloth, numoroiislv 
Illustrated, 3s. 6c2. • . 

" Contains numy valuable hints,” — Leader. 

THTSIOLOGT AND OALISTHENIOS. For Schools and Families. 

By the same Author. With ntimexous Illustrations. Fcap. svo., cloth, 3e. 6ti. 
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THEOLOGICAL WORKS. 


V J * IS ALL AND IF ALL ; or, the TWELVE ASPECTS 

Vieu.X' Prebendary of Lichfield, and' 

* *»iuaon - w?iT nSV preparatory to the Monthly Coni- 

** W^i^^ ’ Original Hymns, Meditations, and Prayers. 12mo., cloth, 4s. ed. 

that must remind most of the groat work of Chillingworth, ex- 
voa of;8implo and ardent piety that emulutea the style of William Romaine For 

|Mis^, never saw a better book, or one more likely to be useful, in so small a' com- 

^ compimion for time, you may rejoice to have studied it 

HISTOEY OE EUTH THE 

W -yv.iv Stepmn Tyng, D.D., Eector of St. George’s Church. 

< * It > t.U, 6^^ ^ ^ Preface by a Clergyman of the Church of Englaiidr Post « vo.* 

^ holy BIBLE ; containing 

i n and New Testaments, collected and arranged systematical!;^ 

s ™ ^ (based on the work of the learned Talbot), together with an Intro- 

*nt?t.l3iod. ch^acter of the work, and the immense facility this 

understanding the Word of God : also three dillerent Tables of 
'**'1 V Index subjoined, so elaborated and arranged, in 

\V t order, as to direct at once to any subiect re'-—*-'-’ 


V-'rll ii^yiw^iect required. By Rev. Nathanibl 
bitth Edition, imp. 8vo., clotiPSOs. ; calf, 3Ts. 


r j * «x. »-*«3x;icai ( 

i::>.D. 

^inLE-EOE--S.lWimTS'^^^^^^^^^ the Old Testa- 

wn 1 1 out of the original Hebrew, and with the former translations dili- 

revised; and the Greek New Testament printed from the 
y®Hdinga of Knapp, together with the commonly-received 
Co <^®®^eHed for th^ with Ruled Paper, arnmgS 

fA* 41.1 low of most numerous Notes. 8vo., half-rnasia, 35s.: 4to., half-russia 425 ^ 

®OOK AND ATLAS OE BIBLICAL 

« I x>0-xt A.PHY. By Lxman Coleman. With Coloured Maps, royal 8vo., cloth, 05 

^ MISSIONS: a Series of Six Lectures delivered 

1 1 II* VlLLIERS, E. Garbett, E. Bickerstetil T 

.^ntvoM2mo“ 

i -irrTrtu.s-’Sf ''“S'*""” «oumg«t or 

'< >1 I lime WITNESS OP THE OHUECH. By the Rev. Wm. 

I N«* Kip, D.D., Author of ” The Christmas Holidays at Rome." Fcap. 8vo. ' 

t: l.:s 1 1'Y'I.-’EEIAN CLERGYMAN LOOKING fob the CHURCH 

I * 0111 L Bvo., cloth, 6s. 6d. 

1 1 < JOISTFLIOT OF AGES; or, thk Great Debate on the 

Hblations of Gob and Man, By Edward Bbeoiibr, Ad. Post 8vo 

* &d. * A^./ouovu, 

i I D: I a OF THE APOSTLB PETER ; considered in a Series 

I *r4^e ileal .Discourses. By the Rev. Dr. Lee, Bishop of Delaware. B’caT) 

I*: It Mi >ISI'B FOR BOYS ; or, the Church in the School-room 
jf ly ilio Xi,ev. Leopold J. Bernays, M. A. Fcap. 8vo., 6s. 
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THEOLOaiCAL WORKS. 


cn 7 T)TV 4 -A\TQ irn'R ATjL seasons. With Especial B(3rcrcncc to 

Inl iy L Eet B. ™. Kcctor of Otioy, MoU. 

Ecap., clotli, 55. 

cnj''OTv/rAXfci TTOR K AlVtlTjY EEAEING*. Ey th^ hev. AA/ilIjIAM 
SEBMONS FOU Quia Scimrc, Prebendary of 

Sp^Jto ae oWbuccIcuI' Ivo.. olotl,. fOe. Oc*. 

• TPAlvriLY PBAYBRS EOR A EORTNIGHT. With tons for 

DW and Seleotiqns from Seripturo for Daily Rcadlns- By a Lamb 
8 VO., cloth, 3s. 

THE BIBLE IN ENGLAND. By the Eev. Oharles D. Bell, 

Incumbeat of St. John’s, Hampstead. Cot. 

Recent WorJes ly the same Author. 

THE MINER’S SONS; or, Martin Luther mid Henry Martyn. is. 

FAITH IN EARNEST- Second Series. No. l.Ilhistrated in Jacob a deathbed. Bd. 
irATTTT TN" EARNEST. First Series. 1. AheVs Sacrifice, 2. Enoch’s Iranala- 

lI®SiwineonhoArk. d. Abmh»raH>f““«- 

Offering up Isaac. 2 d. each ; or together, in cloth, is. 

BLANCHE NEVILLE ; a Record of Married Life. Fcap. 8vo., cloth, bs. 

ESSAYS AND MISCELLANIES. By Dr. Babots, Author of 

“ Scripture Commentaries." 2 vols. post 8vo., cloth, 95. 

THRl nONEESSlON OE THE NAME OF OHBIST IN THE 

OTTEENTH ANL ^ CENTURIES. Bsr^the Rev J. IL 

D’AuBiGinE, Author of the “History of the Reformation. translated lioia the 
French. Fcap. Svo., is. Qd., cloth. 

MEMOIRS AND CORRESPONDENCE OP MADAME DB LA 

MOTHE GaYOW, HER LIFE AND EXPERIENCE; togcttier wUh 
Account of the Personal History and Religions Opinions of bcnelon. By 1 ru>MA8 
F Uma-M. An entirely new Edition, revised and corrected, liy a Clergyman ol 
the Church of England. With a Portrait of Madame Guyon, engravt^d t^iocially 
for this Edition by R. J. Lane, Esq.., A.R.A. One vol. crown 8vo., cloth, 7«. (id. 


WORKS BY PROFESSOR T. C. U P H A M. 

Mw Editions lately JPiMished. 

LIFE OF EAITH : embracing some of the BcTi])tiiral ?riiicii )l(3S or 

Eoctrines of Faith, t% Power or Effect of Faith in the Regulation of Man’s Inward 
Nature, and theRelanori of Faith to the Divine Guidance. l2ino., clolh, 5s. Qd. 

INTBRIOK LIFE. Principles of the interior or Ilidtlon Life. 

Designed particularly for the Consideration of those who are seeking Assurance of 
Faith and perfect Love. 12ino., cloth, 6s. 6d 

AN ABRIDGMENT of the above WORK, designed as a Text- 

book in Colleges. l2mo., sheep, 7s. 

UPHAM’S MENTAL PHILOSOPHY. Elements of Mental Phi- 
losophy ; “embracing the two Departments of the Intellect and Sensibilities. 2 vols. 
12mo., sheep, 14s. 

PHILOSOPHICAL AND PRACTICAL TREATISE ON TllK 

WILL. Forming the 3rd volume of the Mental Philosophy. 12mo., Hheop, 7s. 

CATHARINE ADORNA. Life of Madame Catharine Adorna ; 

including some leading Facts and Traits in her Religious Experience;, /rogetlie r 
with Explanations and Remarks tending to illustrate the Doctrine of Hoilness. 
12010 ., cloth. 
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